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EDITOR'S  NOTE 


Cbntributors  to  the  Bergen  Scieniific  Consultation  on  the  Conservation  and 
Management  ofMarine  Mammals  produced  some  140  formal  papers  (some  of  which 
were  reprints  from  existing  publications)  and  a  number  of  working  group  documents. 
Of  fkese  some  70  have  been  selected  for  indusiofi  in  Volumes  III  and  IV  and  several 
others  have  been  published  elsewhere.  A  large  proportion  received  preliminary 
editorial  attention  from  Mr  John  K.  Goodman,  who  also  was  responsible  for  the 
preparation  of  the  abstracts. 

The  papeis  published  here  have  been  written  by  mathematical  scientists,  field 
observers,  economists,  fisheries  biologists,  consenationists  and  anthropologists. 
Their  content  spans  modelling  of  population  dynamics,  anatomical  details,  conser- 
vation aspects  and  considerations  of  the  unseen  influence  on  scientists  and  managers 
alike.  They  are  variable  in  loigth  and  in  scope.  They  provide  a  much  needed 
ovemcw  of  marine  mammal  "Status,  management  problems  and  science,  and  reflect 
the  lack  of  knowledge  m  many  areas.  Cetaceans  large  and  small  share  pnde  of  space 
with  the  pinnipeds,  while  the  sirenians  and  marine  otter  occupy  regrettably  few 
pages. 

In  editing  this  varied  assemblv.  I  have  tried  onlv  to  ensure  that  the  language  was 
good  and  the  structure  clear,  and  to  correct  any  inconsistencies  that  appeared  within 
papers.  A  fairly  olwiout  order  was  diosen:  g^eral  papers  first,  covering  manage- 
ment objectives  and  modelling  techniqiies,  followed  by  papers  on  large  cetaceans 
(Volume  III);  then  papers  on  small  cetaceans,  seals,  sirenians  and  otters  (  Volume  IV). 
Within  each  group,  papers  are  arranged  into  species  status  papers,  generally  in  some 
fonn  of  geographical  order,  and  other  more  general  issues  tiicluding  spedfic  popu- 
lation moddling  techniques. 

One  problem  will  be  familiar  to  many  readers.  The  terms  population,  stock, 
breedmg  population,  herd,  school  and  other  such  varied  usage  of  the  English  lan- 
guage tend  to  assume  as  many  meanings  as  there  are  audiors,  and  sometimes  more. 
While  I  do  not  believe  that  I  have  succeeded  in  fmii<>#n*iy«ffg  throughout,  I  have  in 
general  used  the  terms  in  the  following  way: 

-  Discrete  breeding  population:  that  which  is  thought  to  be  or  is  an  indepen- 

dent  genetic  unit  (see  paper  hv  Ror\'ik  and  JonstMrd); 

-  population:  those  animals  of  the  species  inhabitmg  a  defmed  geographical 
area,  but  not  necessarily  discrete  breeding  populations  nor  containing 
complete  discrete  breeding  populations; 

-  stock:  any  desired  grouping  of  animals,  usually  for  management  purposes 
(thus  the  Area  IV  stock  of  fin  whales  is  a  stock  for  which  a  quota  may  be  set, 
but  it  may  or  wawf  not  re|»esent  a  discrete  breeding  population); 

-  hmk  a  group  of  small  cetaceans,  possibly  coniainingseveral  discrete  breed- 
ing populations;  and 

-  school:  a  group  of  small  cetaceans  travelling  together.  DC 
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I  would  like  to  thank  authors  for  their  painstaking  checking  of  references  and  of 
final  proofs;  the  extra  work  involved  for  those  authors  for  whom  English  is  not  a 
mother  tongue  is  uttcn  not  appreciated,  and  1  sincerely  hope  that  the  text  we  have 
agfced  between  us  reflects  in  English  what  they  would  have  wished  to  say  in  their  own 
languages. 

Joanna  Gordon  Clark 
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DOLPHINS  DO;  DUGONGS  DONT 


J.W.  Meeker 


Abtamei 

The  efTects  of  the  emodons  of  scientists  on  thdr  wofk  aiid  on  management  policies  need 
to  be  understood.  Investigation  or  this  problem  should  indiMk  study  of  the  miolivmtioiis  of 
ackniiBts,  ctf  emotioaal  bias  and  of  related  aspects  of  langnage  and  mental  imagoy* 

II  c&t  n^cc»airc  dc  cumprcndre  I'eiTct  dc  t'^tat  imotionnel  des  chercheurs  sur  ieurs 
ttavaiix  et  snr  les  politiques  d'amdnagement.  Les  recheiches  portant  sur  oe  probldme  de> 
vraient  comprendre  une  dtude  des  motivations  des  chefcfaettis,  des  pfi£|tlgis  telodonnels  Ct 
des  liaisons  entre  le  language  et  les  images  meniales. 

Es  neoesaric  llegar  a  entender  los  efectos  que  tienea  hs  emociones  de los  dentlficos  en 

su  trabajo  y  cn  las  politicas  reguladoras.  Las  investigaciones  sobre  cste  probiema  han  dc 
incluir  estudios  de  las  motivaciones  de  los  dentifioofi,  de  sus  piopoisioaes  afectivas  y  de  los 
problemas  de  lenguaje  e  im%enes  mcniales.  * 


J.W.  Meeker 

Berkeley  Center  for  Human  Interaction.  18^0  Stxnk  Avenue,  Berkeley,  CA  94709,  USA 
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J.W.  MbEKER 


Introductioii 


The  native  people  of  Papua  New  Gui- 
nea, it  is  said,  avoid  killing  dolphins.  They 
recognize  important  correspondence  between 
the  dolphins  and  themselves,  so  they  honour 
the  human  rights  of  their  marine  relatives. 
Dugongs  are  as  closely  related  to  Papuans  as 
dolphins  are*  one  would  suppose,  but  no  such 
protections  are  extended  to  them.  Rather,  du- 

Songs  are  killed  in  good  conscience  because 
heir  lesembluice  to  people  is  not  recognized 
by  Papuan  perception  or  custom.  Since  dol> 
phins  do  seem  like  people,  they  are  spared; 
since  dugongs  don't,  they  die. 


Emotional  influences 


Management  policies  in  scientifically 
informed  societies  are  presumably  more  ra- 
tional than  those  governed  by  mythic  intui- 
tion.  but  emotional  and  intuitive  States  remain 

influential  in  virtually  every  human  mental 
process,  no  matter  how  refined.  Pohlical  lea- 
dm,  ccMiservationists,  and  scientists  are 
human  beings  with  emotional  susceptibilities 
as  real  as  those  of  Papuan  natives.  Papuans  are 
perhaps  more  likely  to  admit  that  their  feelings 
mfluence  their  thoughts  and  actions. 

In  his  opening  remarks,  the  Secretary, 
Sidney  Holt,  commented  that  sea  mammals  do 
not  require  management,  but  that  humans  do. 
Seas  and  tfadr  creatores  have  managed  for 
millenia  to  evolve  and  to  preserve  complex 
systems,  many  of  which  have  only  recently 
come  under  threat  from  the  exploiting  and 
poUuting  activities  of  an  industriali  v  1  human 
era.  People  have  always  looked  to  the  sea 
to  satisfy  emotional  and  economic  needs,  but 
lately  they  have  <k»e  so  vigorously  enough  to 
threaten  the sea^  potentialfor  meeting  Oiose 
needs.  It  is  an  unstated  presupposition  of  this 
consultation  that  only  economic  and  scientific 
(and  perhaps  political)  considerations  are  8ig> 


nificant  to  the  management  of  human  activi- 
ties concerning  sea  mammals.  No  attention 
has  been  paid  to  the  motivating  feelings,  ideas 
and  states  of  mind  which  also  contribute  to 
scientific  enterprises  and  management  poli- 
cies. Management  of  such  human  and  private 
matters  is  probably  unwise  and  impossible, 
but  it  at  least  seems  reasonable  to  seek  under- 
Standing  of  the  roles  they  play  in  sci«itifilc 
woric 


Effects  OB  acientista 


EveiYone  wants  to  appear  ratiooal,  at 
least  in  public  and  scientific  affairs.  Scientists, 

more  than  most  others,  feel  the  need  to  live  up 
to  an  image  of  themselves  as  not  only  rational, 
but  virtually  emotion-firee.  Yet  in  any  honest 
appraisal,  most  scientists  would  have  to  admit 
that  emotional  elements  are  present  at  many 
levels  of  scientific  activi^  and  that  the^  have 
their  effects.  Zoologists  often  feel  aifection  for 
the  animals  they  study,  as  botanisis  fed  the 
beauty  of  plant.s.  Natural  environments  are 

sources  oi  emotional  stimulation  for  scientists 
who  work  within  them.  In  many  cases  the  de- 
si  rc  to  be  in  contact  with  attractive  aspects  of 
nature  is  a  root  motive  for  the  choice  of  a 
scientific  career  or  a  research  project.  At  least 
as  much  as  artists,  scientists  feelingly  appre- 
ciate the  aesthetics  of  form  that  they  encounter 
at  ever)'  level,  from  microscopv  to  global  eco- 
logy. Science,  like  art,  is  an  imagmalive  activ- 
ity requiring  emotional  and  aesthetic  stimula- 
tion for  its  success. 

At  simpler  levels,  it  has  been  noticeable 
that  scientists  feel  about  themselves  according 
to  the  relative  "status**  of  the  animals  they 
study:  dolphin  researchers  walk  with  a  jaunty 
stride  and  speak  with  pride  of  their  work,  while 
scientists  studying  dugongs  sound  semi-apo- 
logetic about  the  indelicate  names  OT  reputa- 
tions of  the  animals  they  study. 

It  seems  wise  simply  to  admit  that  ideas, 
feelings  and  internal  states  of  nund  can  be 
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important  factors  in  scientific  study,  and  that 
ihcy  must  be  understood  and  accounted  for 
wherever  possible.  This  seems  especially  ne- 
cessary in  an  area  as  cultural^  and  emotion- 
ally rich  as  the  study  of  marine  mammals. 

Conversations  at  this  conference  have 
demonstrated  that  basic  human  feelings  are 
often  associated  with  the  study  of  marine 
mammals  1  have  learned  that  graduate  stu- 
dents interested  in  doing  research  on  whales, 
for  instance,  are  sometimes  selected  for  their 
emotional  stability  because  of  the  veiy  power- 
ful emotions  whales  tend  to  elidt  among  those 
who  observe  them  regularly. 

Many  iess-pnvaie  non-scieniitlc  factors 
are  likely  to  influence  scientific  results,  even 
though  they  may  exert  their  influences  at  sub- 
jective or  subconscious  levels  Fvery  scientist  is 
a  part  of  some  cultural  tradition  which  conveys 
powerful  messages  through  its  myths,  struc- 
ture of  language,  and  accepted  imageries  which 
guide  both  thought  and  feehng.  All  are  heirs  of 
philosophical  and  social  value  systems  which 
place  positive  or  negative  worth  upon  certain 
Kinds  of  thought  and  experience.  All  have  sex 
and  gender  to  nudge  mental  life  in  various 
possible  directimis.  The  methoddogies  of 
scientific  investigations,  of  course,  are  design- 
ed to  overcome  such  influences  and  to  pro- 
mote rational  objectivity.  Yet  anyone  attend- 
ing international  conferences  cannot  help  but 
be  struck  by  the  strong  disagreements  over 
scientific  issues  which  seem  to  follow  national 
or  cultural  lines.  Many  of  the  women  attend- 
ing this  consultation  have  also  pointed  out  that 
male  bias  appears  to  have  dominated  scientific 
inquiry  and  to  have  distorted  s<^me  scientific 
facts  (such  as  the  understandmg  of  reproduc- 
tive behaviour  in  pinnipeds). 


Research  is  therefore  needed  into 

human  consciousness  and  human  emotions  as 
they  relate  to  mammals  in  the  seas.  In  a  gene- 
ral sense,  a  better  understanding  of  the  mner 
lives  of  people  concerning  manne  mammals 
would  be  helpful  toward  better  programmes  of 
public  information  and  education.  For  in- 
stance, sensational  authors  and  film  producers 
should  not  go  unchallenged  by  the  scientific 
community  when  (hey  convey  false  informa- 
tion and  arouse  pubhc  sentiments  concerning 
sea  mammals.' 

The  effect  of  emotional  factors  on  the 
institutions  of  science  and  the  conduct  of 
scientific  research  mlo  marine  mammals 
should  also  be  understood.  It  would  be  usefUl 
to  know  more  about  the  inner  motivations  of 
young  scientists  as  they  select  careers  relating 
to  marine  mammals,  and  of  those  senior 
scientists  who  guide  thev  studies  and  who 
establish  research  priorities  and  goals  Once 
engaged  in  research  work,  teaching,  or  m  the 
formulation  and  administration  of  public  po- 
ll^, scientists  cannot  assume  that  they  are  im- 
mune to  non-.scientific  influences,  althouiih 
they  rarely  confront  these  as  part  of  their  work, 
and  even  more  rarely  are  able  to  cope  with 
them  effectively. 


Conduct  of  anch  research 


Research  of  this  land  may  seem  danger- 
ous or  improper  to  many  scientists,  for  it  im- 
plicitly challenges  the  claim  to  impersonal  ob- 
jectivity that  many  scientists  believe  in  and 


Research  tteeds 


It  is  an  interesting  and  important  ques- 
tion to  what  extent  the  feelings  of  the  workers 
affect  the  products  of  science. 


I  The  supposedly  human-like  mentality  of  cetaceans 
has  long  hetn  a  strong  argument  in  favour  of  their  preserva- 
tion, and  h;ibvf;i(.ci.i  ("ur  seals  or  appealing  sea  otters  arouse 
human  Nvmpathics  whenever  thcv  appear.  Walt  Disney's 
scniHiKn'iil  I  l  A  ',  of  animal  behaviour  arc  demonstrated  by  a 
continuous  bombardment  of  film  and  video-tape  showing 
how  winsomely  human  most  animals  are,  and  how  deserving 
they  therefore  are  of  human  affection.  Alienatively,  ■niinals 
are  presented  as  inutgtit  of  horrible  jaw*  icady  to  araoch 
maoldod  at  every  opportttaity.  5 
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wish  to  preserve.  That  claim  has,  of  course, 
been  seriously  challenged  by  the  highly  cred- 
ible investigations  in  recent  decades  of  histo- 
rians and  philosophers  of  sdenoe,  psycholo- 
gists and  sociologists,  and  of  many  working 
scientists  who  have  themselves  recognized  the 
multiplicity  of  internal  and  external  forces 
which  contribute  to  thdr  scientific  results.  Be- 
cause  of  the  controversy  and  potential  threats 
inherent  in  any  such  research,  it  will  be  im- 
portant that  it  be  conducted  with  great  tact  and 
care,  and  with  scrupulous  concern  for  the  va> 
lidity  of  its  conclusions.  Yet  it  should  be  pur- 
sued, else  scientists  who  are  not  aware  of 
non-scientific  influences  upon  their  work  will 
be  helpless  before  those  influences. 

Several  examples  are  given  below  of 
basic  questions  and  topics  which  should  be 
systematically  pursued  to  assess  human  men- 
tal and  emolKMial  characteristics  as  they  relate 
to  the  study  of  marine  mammals.  To  elaborate 
and  refine  these  questions,  and  to  determine 
the  methods  and  techniques  by  which  they 
m^t  be  explored,  a  small  interdisdplinaiy 
team  should  be  assembled  soon.  Participants 
should  represent  the  sciences,  social  sciences, 
and  the  humanities,  and  should  have  de- 
monstrated their  ability  to  do  meaningful 
work  beyond  disciplinary  boundaries.  Their 
task  should  be  to  describe  and  to  propose  de- 
tailed research  into  these  issues  and  related 
ones  whidi  may  arise  from  their  ddiberations. 

1.  What  are  the  significant  aspects  of  lan- 
guage, imageiy  and  myth  whidi 
mflueaoe  human  attitudes  toward  ma- 
rine mammals  and  which  characterize 
their  expression?  The  study  should  sum- 
marize the  hmg  histoiy  of  marine  mam- 
mals in  mythology,  art  and  literature, 
and  as  represented  in  historical  and  cur- 
rent formulations  of  language  and  pub- 
lic expression. 

2.  What  are  the  problems  of  intellectual 


and  emotional  bias  which  affect  the 
interpretations  of  information  concern- 
ing marine  mammals  (e.g.,  political  or 
economic  bias,  sexual  Um,  social  bias, 
cultural/national  bias,  etc.)?  This  study 
should  concentrate  upon  current  atti- 
tudes found  among  scientists  and  others 
whose  reqpottsibilmes  indhide  decisioiis 
concerning  marine  mammal  resrarch 
and  poli^. 

3.  Identification  of  lo^cal  or  illogical  pre- 
suppositions underlying  programmes  of 
research  and  management.  Initial  ana- 
lysis of  the  effects  of  unacknowledged 
premises  upon  scientific,  commercial 
and  conservation  pohcies.  The  study  will 
require  comparative  analysis  of  stated 
and  unstated  motives  and  purposes 
where  it  is  possible  to  discern  both. 

4.  Identification  and  analysis  of  the  roles 
played  by  emotions  in  the  conduct  of 
scientific  research.  What  effects,  if  any, 
do  scientists'  emotional  experiences  of 
marine  mammals  have  upon  the  pro- 
ducts of  their  research?  What  are  the 
conseqoeiices  of  suppressing  or  ignoring 
the  importance  of  such  experiences? 

The  major  objectives  of  the  inquiries 
proposed  should  be  to  understand  and  to 
make  explicit  the  non-scientific  influences 
which  act  upon  relationships  between  humans 
and  marine  mammals,  Where  there  are  signi- 
ficant differences  between  the  natural  condi- 
tions of  sea  mammals  and  the  mental  roles 
they  play  in  human  thought,  ways  should  be 
sought  to  mirrimiw  Aese  cUfferenca  or  at  lent 
to  promote  awareness  of  their  consequences. 
Careful  studies  of  this  nature  could  help 
scientists  and  managers  to  deal  more  eilec- 
tivdy  with  the  fact  thaf  sea  mammals  exist  in 
the  humaii  imaginatiQn  as  sordy  as  they  exist 
in  die  seas. 


Copyrighted  material 


ECONOMIC  ASPECTS  OE  RENEWABLE  RESOURCE 
EXPLOITATION  AS  APPLIED  TO  MARINE  MAMMALS  > 


CW.  Clark 


Abtinci 

A  simple  Gordon-Schaefer  bio-economic  model  of  the  Antarctic  fishery  for  blue  whales 
is  used  to  illustrate  the  usual  course  of  exploitation  of  common-property  resources  the  early 
establishment  of  ;i  harvest  capacilv  above  that  which  the  resource  can  sustain,  leading  lo  large 
initial  profits  but  depleting  the  resource  and  endangering  the  long-term  wellbemji  of  the 
industPr'  by  making  rational  levels  of  exploitation  difficult  to  achieve  later  on.  In  the  model, 
the  object  of  whalin;:  is  assumed  to  be  to  maximize  the  present  value  of  the  discounted  net 
economic  revenue,  thereby  accounting  fur  the  compromise  between  short-term  economic 
benefits  and  the  possibility  of  fbture  benefits:  population  size  and  catching  effort  are  per> 
milled  to  varv  over  time,  compared  to  static  models  in  which  equilibrium  position  is  assumed 
beforehand.  The  model  gives  a)st$  and  revenues  corresponding  to  various  size  levels  to  which 
the  population  is  reduced.  The  total  present  value  —  the  sum  of  the  net  instantaneous) 
depletion  revenue  and  the  present  (discounted)  value  of  the  net  sustainable  revenue  -  is 
dominated  by  the  former  if  the  discount  rate  is  large  but  by  the  latter  when  it  is  small;  the 
population  size  at  which  this  value  is  maximized  depends,  in  part,  on  die  ration  of  the  discount 
rate  to  the  biological  growth  rate. 

For  a  population  of  100  000  whales  with  a  maximum  sustainable  yield  (MSY)  of  75  000, 
an  intrinsic  growth  rate  of  O.OS  and  each  whale  worth  U.S.  $  10  (XNK  the  net  depletion  revenue 
is  greatest  when  the  number  of  whales  is  reduced  to  20000.  The  net  sustainable  revenue  is 
greatest  when  there  are  85  000  whales  and  the  total  present  value  is  greatest  at  44  000  and 
31  200  whales  for  aimual  discount  rates  of  5  %  and  10  %  respectively.  This  demonstrates  the 
importance  ofthe  initial  depletion  stage,  the  revciuic  from  which,  when  added  to  the  sustain- 
able revenue,  lowers  the  population  size  at  which  profit  is  maximized  from  above  th;it 
producing  MSV  lo  well  below  it.  If  one  wishes  to  harvest  from  a  population  of  whales  already 
depleted  lo  10000  animals,  the  total  present  values  arc  greatest  at  the  same  numbers  of  whales 
as  above  but  are  much  less  and  one  must  vk  ail  at  least  25  vcars  for  the  population  to  recover.  In 
such  a  case,  it  is  the  length  of  the  recoven,  period  rather  than  the  revenues  from  dcpicii«>n 
which  place  the  maximum  total  value  at  a  level  below  that  producting  MSY. 

The  model  only  includes  the  variable  operation  costs:  it  can  be  modified  to  include 
capitalization  costs  by  incorporating  parameters  representing  rates  of  investment  and  depre- 
dation, total  effort  capacity  and  the  level  of  effort  actually  employed.  For  a  population  of 
150  000  blue  whales,  there  is  a  rapid  (instantaneous)  expansion  of  catching  capacity  — 
possible  because  of  large  profits  and  economic  discounting  —  which  exceeds  the  sustained 
yield  requirements  and  reduces  the  number  of  whales  to  29  100  after  20  years.  Eleven  years 
later,  when  the  population  has  recovered  somewhat  and  depreciation  has  reduced  catch 
capacity,  new  investment  is  justified  and  a  sustainable  yield  can  be  taken  from  an  equilibrium 
population  or43  500  whaks,  7 
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The  anal\sis  indicated  that  cr<in(tm!c  incentive  for  conservation  may  be  quite  small. 
Despite  this,  and  with  htUe  or  no  attention  to  the  economic  aspects  of  the  exploiting  industries, 
maiugemeiit  bodies  aeem  lo  have  tanimed  diat  such  mcentive  would  automatically  ensure 
diatthe  resource  is  conserved. 

An  international  Marine  Mammal  Authority,  with  rights  to  marine  mammal  resources 
and  ooDtiot  over  their  eaqilohalioa,  oould  hdp  to  resolve  the  proUems  ched  here,  addeving 
conservation  of  the  aniiniib,  eoonoaiic  eflidaicy  and  an  equitable  diatribuiion  of  benefits  to 
the  world  community. 

Un  simple  modcic  bio-6conomiquc  dc  Gordon-.Schacfcr  <lc  I'industric  antarctique  de  la 
p€che  des  balcmci>  bleues  est  utilise  pour  iJlusirer  le  proce^ksus  habiluci  d'cxpioitaiion  des 
ressouroes  appartenant  au  patrimoine  oomnnin:  l*<6<abUssement  initial  d'un  potentici  d  ex- 
ploitation superieiir  a  cehii  que  la  ressource  pent  supporter,  entra'inant  d'abord  des  prtifits 
importanls  mans  appauvnssant  la  ressource  el  metianl  en  danger  a  long  termc  ia  situation  dc 
PindiKtrie  en  rendaat  difficile  b  r6alisation  ultirieure  des  niveaux  rattomnels  d'exploitalion. 
Dans  le  module,  on  prend  comme  hv-poth^e  que  I'objectif  de  la  chasse  a  la  baieine  consiste 
maximiser  la  valeur  actuelle  du  revenu  ^conomique  net  actualist,  ce  qui  realise  un  compromis 
entre  des  profits  toMiomiqucs  i  court  tenne  et  la  possibility  de  profits  fiiturs;  on  pennet  h  la 
taille  de  la  population  et  a  I'efTort  de  capture  de  varier  aver  le  temps,  par  opposition  aux 
modules  statiques,  oil  Ton  suppose  a  priori  que  la  position  est  equihbr^e.  Le  modi^le  foumit  les 
ooftts  el  les  piofits  oontspondant  h  divers  niveavx  de  taille  auxquels  la  population  est  rMuite. 
La  valeur  totale  actuelle  -  1 1  somme  du  profit  net  de  la  reduction  (instantane)  et  de  la  valeur 
actuelle  (actualist)  du  profit  net  soutcnu  est  doming  par  le  premier  dement  si  Ic  taux 
d'actualisatioa  est  nnportant,  mais  par  le  second  quand  il  est  <tev6;  la  taille  dc  population 
pour  laqucllc  cettc  valeur  est  maximis^c  depend*  en  partie,  da  rapport  entre  le  taux  d'actua- 
lisatioa et  le  taux  de  croissance  biologique. 

Pour  unc  population  de  100  000  baleines  avec  un  rendement  maximal  soutenu  (MSY) 
de  75  000,  un  taux  de  croissance  intrinsique  de  0,05  et  une  valeur  individuelle  de  U.S.  $ 
10  000,  le  profit  net  de  la  r6ductioo  est  le  plus  grand  quand  le  nombrc  dc  baleines  est  riduil  k 
^000,  le  profit  net  soutenu  est  le  plus  grand  quand  on  a  85  000  baleines  et  la  valeur  totale 
adudle  est  la  plus  grande  A  44  000  et  31  200  baleines,  pour  des  taux  annuels  d'actualisation, 
respcctivcmcnt.  de  5  et  10  %.  Ceci  ddmontre  Timportancc  du  stade  initial  de  reduction  dont  le 
profit,  quand  il  s'ajoute  au  profit  soutenu,  ahaissc  la  taille  dc  la  population  pour  laquelle  le 
profit  est  maximts^  et  la  fait  passerd'un  po\n\  sup^rieur  k  celui  du  MSY  a  un  point  bien 
infcricur.  Si  Ton  desire  exploiter  une  population  de  baleines  descendue  i  10  000  animaux.  les 
valeurs  actuelles  totales  sont  les  plus  grandcs  pour  les  memes  nombres  de  baleines  que 
d-dessus  mais  sont  trie  inftrieures  et  Ton  doit  attendre  au  moins  25  ans  pour  que  la  population 
se  reoonstitue.  Dans  ce  cas,  c'cst  la  durde  de  la  p^riode  de  reprise  plutot  que  les  profits  tires  de 
I'exploilation  qui  place  la  valeur  totale  maximale  ^  un  niveau  inf^neur  d  celui  qui  produit  le 
MSY. 

Le  mod<^!c  nc  comprend  que  les  coQts  d'exploitation  variables;  il  peut  etre  modifie  pour 
comprendre  les  coilts  d'investissemeni  de  capital  en  y  incorporant  des  param<itrcs  represen- 
tant  des  taux  d'investissement  et  d'amortissement,  la  capadti  de  Peffort  total  et  le  niveau 
d'cffort  reellcmcnt  appliqu^.  Pour  une  population  de  150  000  baleine<-  hleue-v  il  cxiste  une 
expansion  rapide  (instantande)  de  la  capacitc  de  capture  -  rendue  possible  par  les  profits 
importants  et  TactuaiiBation  tomomique  -  qui  depasse  les  braoins  de  rendement  soutenu  et 
reduit  le  nombrc  dc  baleines  a  2')  UX1  aprt-s  20  ans  On/c  ans  plus  tard.  qiuuid  la  population  a 
quelque  pcu  rephs  et  que  I'amortissement  a  riduU  ia  capacity  dc  capture,  un  nouvel  inves- 
tinement  est  jnatifK  et  un  rendement  soutenu  pent  toe  obtenu  d*une  populaticm  en  iquilibre 
8  de43S00baleuies. 
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L'analysc  a  indiquc  que  I'cncouragcmcnl  cconomique  k  la  conservation  peut  ^tre 
minime.  Malgre  cela  et  en  pretant  peu  ou  pas  d'attention  aux  aspects  iconomiques  des 
industries  cxploitantes,  les  organismes  de  gestioo  semblent  avoir  penst  que  cet  encourage- 
ment garaniirait  automitiqnffmcat  !■  ciMMervatiop  de  la  ressource. 

Une  Autorit^  des  mammif&res  marins  intemationale,  dont  les  droits  s'^tendraient  aux 
ressources  dc  mammifcrcs  marins  ct  au  contrdle  de  leur  exploitation,  pourrait  faciliter  la 
solution  des  problema  mentiooiies  plus  haut,  cn  realisant  la  conservation  des  aaidMUX, 
TelTicacitd  6oonomiqtte  et  une  r6parUtioa  Suitable  des  btoifioes  dans  la  oominuiuiuti 
mondiale. 

Utilizando  el  mudelo  bioeconomico  de  Gordon-Schaefcr  de  la  pesqueria  de  ballena 
azul  del  Antirtioo  se  moestra  odmo  procede  ofdinariainente  la  exfriottKida  de  reconos  de 

propiedad  comijn:  inicialmentc  sc  introduce  cn  la  pcsqucri;i  capacidad  dc  cxpIotaci6n  supe- 
rior a  la  que  el  recurso  puede  sosiener,  lo  que  se  traduce  en  abundaotes  beneficios  iniciales 
pero  acaba  por  empobreoer  las  recursos  y  poner  en  peligro  la  buena  maidia  de  la  industria  a 
largo  plazo.  al  hacer  dificil  conseguir  ma^  tarJc  niveles  racionales  de  explotaci6n.  En  el 
modek)  se  supoae  que  el  objeto  de  la  caza  de  ballenas  es  elevar  al  miximo  el  valor  presente  de 
loB  beneficios  eoon6mioo8  netos  actualiaados,  establedendo  asl  un  oompromiso  entre  los 
beneficios  econ6micos  a  breve  plazo  y  la  posibiiidad  de  beneficios  futuros;  se  permite  una 
variadbn  dd  volumen  de  la  poblaci6n  y  del  esfuerzo  de  pesca  con  el  pasar  del  liempo,  a 
diferenda  de  los  modelos  esitfticos,  en  las  qoe  ae  supone  de  antemano  tma  situaddn  de 
equilibrio.  El  modclu  indica  los oostos y  beucficios  oorrespondientes  a  dLstintos  volumenes  de 
poblaci6n.  A  la  hora  de  determinar  cl  valor  presente  total  (la  suma  de  los  beneficios  netos 
(instantineos)  de  una  explotacidn  consuntiva  (depleti6n)  y  el  valor  presente  (actualizado)  dc 
los  beneficios  netos  sos(enibles),  piedomina  el  primero  de  esos  elementos  si  el  indice  de 
actuali/acion  es  grandc,  y  cl  ultimo,  si  cs  pcqucflo;  cl  volumcn  de  pohlaci6n  con  el  cual  se 
ooosigue  eievar  ese  valor  al  maximo  depende,  en  pane,  de  la  relacion  entre  el  indice  de 
actiiali»ci6n  y  el  hidice  de  crectmienlo  biol6gioo. 

En  una  poblaci6n  de  100  000  ballenas  con  un  rendimiento  maximo  sosienible  fRMS)de 
75  000,  un  indice  inthnseco  de  crecimiento  de  0,05  y  un  valor  de  10  000  d61ares  EE.UU.  por 
csda  balleiia,  kw  beneficios  netos  de  la  explotadte  consuntiva  (depleti6n)  alcanzan  la  cifhi 
mixima  cuando  el  numcrd  de  ballenas  se  reduce  a  20  000,  los  beneficios  sostenibles  ncios  la 
alcanzan  cuando  las  ballenas  son  8S  000,  y  el  valor  presente  total  akanza  su  cifra  maxima  con 
44000  y  31 200  ballenas,  con  Indices  anuales  de  actualizaci6n  dd  5  y  d  10  por  dento, 
respecti\ amente.  Esto  demuestra  la  importancia  de  la  fase  inicial  de  explotaciiin  consuntiva 
(dcplcu6n>,  cuyos  ingresos,  una  vcz  anadidos  al  rendimiento  sostenible,  hacen  que  cl  volumen 
de  pobladdn  con  d  que  se  obtiene  on  mixinio  de  benefidos  se  reduica  de  una  dfia  superior  a 
la  necesaria  para  ohtener  e!  RMS  a  otra  muy  inferior  a  ella.  Si  se  desea  explotar  una  poblaci6n 
dc  ballenas  ya  redudda  a  10000  animales,  los  valores  prcsentes  toiales  alcan/an  su  dfra 
minma  oon  d  mismo  nimero  de  ballenas  indieado  mkt  arriba,  pero  resnltan  oradio  Rienorcs, 
y  cs  ncccsarii)  cspcrar  al  menos  25  aitos  para  que  la  pobIaci6n  se  rccuperc.  En  cse  caso.  lo  que 
haoe  que  el  valor  total  maximo  se  ooloque  a  un  nivel  inferior  al  que  produce  el  RMS  es  la 
durad6n  del  peiiodo  de  recuperaddn,  mis  que  los  benefidos  de  la  explotaci6n  consuntiva. 

El  modelo  incluye  solamcnte  los  coslos  variables  de  operadte.  pero  puedi  mc  dificane 
para  incluir  los  costos  dc  capitalizacion.  inoorporando  pardmetros  que  representcn  los  mdices 
de  inversi6n  y  depreciacion,  la  capacidad  total  de  esfuerzo  y  el  nivel  dc  csfucrzx)  aplicado  de 
hccho.  Para  una  p<iblaci6n  dc  150  000  ballcn;is  a/nlcs.  se  pnxluce  una  hipida  expansion 
(instantAnea)  de  la  capacidad  de  captura  (dehidu  a  lo-,  uiaiidcs  beneficios  y  a  la  actuali/acion 
eoon6mica)  superior  a  la  que  cs  ncccsuna  para  obtcncr  un  rendimiento  sostenido,  que  reduce 
d  nifflCfodeballeiias  a  29 100  dcabode  20  alios.  Once  afloB  mis  taide,  cuando  hpoUadto  9 
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sc  ha  rccupcrado  algo  y  la  depreciaci6n  ha  rcciucido  la  capacidad  dc  capliira.  estin  justificadas 
Quevas  uiversiones  y  puede  obtenerse  lui  renduniento  sosteoible  a  partir  de  una  poblaci6n  en 
equilibrio  de  43  500  ballenas. 

El  analisis  indica  que  los  incenlivos  economicos  para  la  conservaci6n  pueden  ser  muy 
pequeflos.  A  pesar  de  esto,  y  preslando  muy  poca  o  ninguna  atenci6n  a  los  aspcctos  econ6- 
mioos  de  fan  industrias  explotadoras,  los  organismos  regutadores  parecen  haber  supuesto  que 
esos  incentivos  asegurarian  automaticamente  la  conservaci6n  de  los  recursos.  Un  organLsmo 
intemacioiial  paia  los  manuferos  maiinos,  que  i^erdera  der<M;ho5  sobre  eUos  y  oontrolara  su 
explotaddn,  podria  ayudar  a  icsohrer  ka  proUenua  aqni  ciladag»  Qanaguiendo  oonservar  las 
poblacioncs  y  logrando  una  mejor  eficieiicia  eoooAmka  y  una  distribttddn  equitadva  de  los 
benefkaos  entre  la  oomimidad  mondial. 
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The  terms  of  reference  of  Ad  Hoc  Group 
IV  of  the  FAO/ACMRR  Wofkmg  Pwy  on 

Marine  Mammals  require  a  systems  analysis 
of  "^the  relation  of  marine  mammals  both  to 
relevant  aspects  of  the  marine  ecosystem  and 
to  the  human  community".  Among  the  im> 
portant  relations  with  the  human  community 
are  the  following: 

(1)  direct  exploitation  for  economic 
purposes; 

(2)  indirect  economic  effects  on  other 
marine  resources; 

(3)  indirect  economic  effects  associat- 
ed with  alternative  uses  of  habitat 
(e.g.,  pollution*  shipping,  etc); 

(4)  aesthetic  and  "moral"  considera- 
tUMUL 


This  paper  will  address  the  first  3  of 

these  relations,  that  is,  the  various  economic 
aspects  of  marine  mammal  exploitation.  The 
author  does  not  feel  qualified  to  discuss  the 
fourth  type  of  relation,  and  in  any  event  it 
appears  that  many  arguments  as  to  the  "mo- 
rality" of  exploitation  are  largely  based  on 
economic  considerations  over  the  long-term 
horizon. 


ComnMBiiroperty  resoarces 

The  mobility  of  marine  mammals  is  such 

that  most  populations  do  not  remain  within 
the  area  of  jurisdiction  of  any  single  nation.^ 
Management  of  these  resources  thus  requires 
international  cooperation.  In  the  absence  of  I 
such  cooperation,  experience  shows  that  these 
"common-property"  resources  tend  lo  become 
severely  overexploited  from  an  economic,  and 
frequently  also  fiom  a  biological,  standpoint 


>  Revised  veision  of  paper  prepared  for  FAO/ACMRR 
Woriung  Party  on  Marine  Mammab,  Ad  Hoc  Group  IV.  Ho- 


2  In  die  event  oT  a  200-mile  Eoooomtc  Zone,  some 
addUimal  Mocks  may  He  wiihia  the  Juriadtciion  of  a  finik 


1975.  nation,atleaitasftrasexploitatioaisooiicemed. 
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In  many  cases  the  exploiting  industry  estab- 
lishes  a  capacity  during  the  initial  stages  of  de- 
velopment that  far  exceeds  the  level  required 
on  a  sustained-yield  basis.  The  latter  pheno- 
menon, which  is  particularly  severe  when  re- 
source stocks  are  allowed  to  become  depicted, 
greatly  complicates  the  subsequent  problem  of 
achieving  rational  levels  of  estploitation.  The 
history  of  marine  mammal  exploitation  pro- 
vides many  examples  of  this  process,  whales 
and  fur-bearmg  seals  bemg  notable  examples. 

Fiom  an  economic  point  of  view  it 
would  appear  that  the  rational  development  of 
a  renewable  resource  industry  would  proceed 
along  entirely  different  lines.  The  profits  de- 
rived from  the  early  stages  of  exploitation 
(which  are  often  quite  substantial)  would  in 
part  be  devoted  to  obtaining  the  necessary 
scientific  data  so  that  luture  exploitation  could 
be  based  on  a  sound  knowledge  of  the  resource 
potential.  The  past  approach  to  marine  re- 
source exploitation  has  usually  been  just  the 
opposite.  The  initial  profitability  of  the 
industiy,  often  resulting  firom  some  develop* 
ment  in  technology  or  from  a  rise  in  demand, 
leads  to  a  "bonanza"  outlook  which  attracts  a 
large  number  of  eager  participants.  This  pro- 
cess, carried  progressively  from  one  resource 
stodc  to  the  next,  while  it  may  produce  large 
profits  over  the  short  run.  can  be  extremely 
detrimental  both  to  the  resource  populations 
themselves,  and  lo  the  long-term  wdlbdng  of 
the  exploiting  industries,  m  most  cases,  there- 
fore, an  economic  incentive  exists  for  estab- 
lishing suitable  agencies  and  institutions  to 
regulate  the  exploitation  of  the  resource.  Un- 
fortunately, however,  the  nature  of  this  eco- 
nomic incentive  is  often  seriously  misunder- 
stood. 


Sacrificing  temporary  economic  benefits 


from  a  renewable  resource  stock  should  not  be 
destroyed  for  the  expediency  of  short-term 
gains.  The  obverse  proposition  is  equally  sig- 
nificant: resource  conservation  requires  that 
some  of  the  potential  gain  from  immediate 
exploitation  must  be  foregone,  or  sacrificed,  in 
order  to  mamtam  the  possibility  of  future  be- 
nefits. Until  recently  mis  fundamental  aspect 
of  resource  conservation  has  been  largely 
neglected,  in  spile  of  frequent  reference  to  the 
"evils"  of  short-term  economic  planning.  In 
the  case  of  marine  mammals,  particulariy 
whales,  past  exploitation  policies  influence 
population  levels  for  many  years  in  the  future, 
and  the  "sacntice"  principle  of  conservation 
assumes  qpecial  s^nificance.  (The  principle 
also  applies  to  other  aspects  of  resource  ex- 
ploitation, including  indirect  effects.  Environ- 
mental pollution,  for  example,  may  generate 
diort-term  boiefits  while  causing  long-term 
disbenefits). 

An  ilbatration:  blue  whales 

An  extremely  simplified  bio-economic 
model  of  the  Antarctic  blue  whale  fishery  will 
be  used  to  illiistrate  the  above  concepts.^  The 
biological  model  is  thai  of  M.  Schaefer  ( 1 9S7), 
with  economic  components  introduced  by 
H.S.  Gordon  (1954).  The  equations  are 

n(x.E)  -  pqEx -cE    (2) 

where 

X  *  Number  of  whales  in  population 

at  time  t  (years) 
r  m  intrinsic  growth  rate 


Conservation  has  often  been  defined  as 
the  "wiiie '  use  of  resources.  Implicit  m  this 
definition  is  the  idea  that  long-term  benefits 


^  More  detailed  studies  of  the  economics  of  whaling  .  , 
appear  in  Claifc  (I97<,  t976a.  1977).  1 1 
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K  =  carrving  capacity 
E  -  effort 

q       catchability  coeflfldent 

n(x,E)  "  net  economic  revenue  Q)er 

unit  time) 
p  =  price  of  one  whale 
c  =  cost  of  one  unit  of  effort 

In  this  illustration  the  following  parameter 
values  will  be  used: 

r  -  .05 

K  =  150000 

q  »  1.0  (a  normalization  condition  on 

units  of  E) 
p  -  US$  10  000 
c  -  US$  2  X  10* 

These  values  are  thought  to  be  reasonable  ap- 
proximations for  the  Antar^ic  blue  whale 
fishery,  at  least  insofar  as  the  present  model  is 
concerned  (Clark,  1977). 

The  object  of  management  is  assumed  to 
be  the  maximization  of  the  present  value  of 
discounted  net  economic  revenue,  viz  * 

PV  - /re-*v(x.E)dt    (3) 

where 

d » continuous   discount   rate  (per 
annum) 

This  objective  (rather  than  the  classical 
MSY-type  objective)  automatically  incorpo- 
rates the  trade-off  between  short-term  and 
long-term  benefits  as  discussed  above.  It  also 
incorporates  the  mam  variable  costs  of  whal- 
ing (but  neglecte  fixed  capital  costs:  see 
boow). 

It  is  important  to  realize  that  the  above 


formulation  of  the  optimal  exploitation  prob- 
lem does  not  presume  an  equilibrium  position  a 
priori.  That  is  to  say,  both  the  population  level 
X  "  X  (t)  and  the  effort  level  E  «  E  (t)  are 
permitted  to  vary  over  time,  subject  to  the 
equation  (1).  The  freedom  of  a  dynamic  model 
of  this  kind  greatly  increases  its  realism  as  a 
descriptive  model  of  the  (self-regulated) 
whaUng  industr\-. 

The  figures  given  in  Table  1  indicate 
how  the  above  model  behaves.  In  order  to 
simplify  the  calculations,  the  f<^owing  addi- 
tional simplifying  assumptions  are  made.  First 
we  consider  the  case  in  which  the  existing  pop- 
ulation level  is  Xo  =  100  000  blue  whales,  well 
in  excess  of  the  MSY  level  of  75  000.  (The  case 
of  a  depleted  existing  population,  of  10  000 
whales,  is  shown  in  Table  2).  Next  we  assume 
that  management  decides  to  reduce  the  rare- 
sent  population  level  to  a  new  level  X|.  The 
costs  and  revenues  corresponding  U>  various 
levels  of  X,  are  given  in  Table  1 . 

The  initial  "depletion"  sta^e  produces  a 
gross  revenue  R,  ana  a  cost  C»  given  by ' 

R,  =  p(x,-x,)    (4) 

C,  -  c/S  iL    (5) 

X 

(Expression  (5)  can  be  deduced  from  equa- 
tions (1)  and  (2)  as  follows:  we  have  harvest 
h  =  qEx.  With  q  »  1,  the  cost  of  a  unit  har- 
vest equals 

cfa 

cE  —  c/x. 

Thus  the  total  cost  of  harvesting  from  Xo  to  x,  is 
given  by  the  mtegral  in  (5)). 

The  net  revenue  from  depletion  is  equal 
to  R|  —  C|.  It  will  be  observed  from  Table  1 


*  This  is  (be  slandard  focmulation  of  benefit  crilerioii. 
whether  private  or  puMic.  m  western  fmatlcet-eoonomy) 

counlrics.  Tlic  appropriate  r.itc  rf  discnunt.  S,  however,  may 
not  l>e  the  same  for  pnvalc  anU  tor  .social  objectives  (Fcld- 
itdii.l964)L 


*  We  bete  suppose.  Tor  simplicity,  (hat  the  depletion 
ixxurs  almost  instantaneously,  so  that  discounting  does  not 
apply  to  the  costs  and  revenues  of  depletion.  Ihe  efl'ect  of  this 
wsumpiioii  will  be  describeil  bier. 
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Tabk  1.  Com,! 


tfilacs 


tea 


Equilibrium 
Populalion 
I  evel 
fx,) 

(Thoiuand 
wiMtes) 


Gross 
Depletion 
Revenue 


DcplciK^n 
Cosi 

(C.) 


Net 
Depletion 
Revenue 

(III) 


Total 

Sustain- 

nhle 
Revenue 


Sustained 
C  o«.i 

(Q 


Nei 
Sustain* 

able 
Revenue 

(n»> 


Preseni 
Value 

Net«»f 

Sustainable 
Revenue 
(PV  (IK 

6  =  5^d  =  m 


Total 
Preseai 
Value 
ITPV) 
<  -  59  <  -  io<; 


USS  adlHoitt 

100 

0. 

ao 

0.0 

16.7 

3J 

1.13 

266.7 

133,3 

266.7 

133  3 

90 

loa 

21.1 

78  9 

ISO 

40 

14.0 

280.0 

140.0 

35»<.9 

:iK.9 

«> 

m 

44.6 

IK." 

4.7 

14.0 

280.0 

140.0 

43.'^  4 

2954 

70 

m 

71.3 

228.7 

18.7 

5.3 

13.3 

266.7 

133.3 

4^5  4 

3('2.0 

60 

400. 

102.2 

297.8 

18.0 

6.0 

12.0 

240.0 

120.0 

537.8 

417.8 

SO 

5O0, 

138.6 

361.4 

16.7 

6.7 

10.0 

200.0 

100.0 

561.4 

461.4 

40 

6oa 

183.3 

416.7 

14.7 

7J 

7.3 

146.7 

73.3 

563.4 

490X> 

30 

700. 

240.8 

459.2 

12.0 

8.0 

4.0 

80J} 

40.0 

539.2 

499.2 

20 

800. 

321.0 

478.1 

8.7 

8.7 

0.0 

0.0 

0.0 

478.1 

478.1 

10 

900. 

460.5 

439.5 

4.7 

9.3 

4.7 

-93.3 

-46.7 

346.2 

392.8 

'  loilulttock  level  -  lOOOOOwhtle*. 


that  this  net  iL-xcnuc  achieves  a  maximum 
value  at  x,  =  20(X)0  whales;  this  is  the 
"break-even"  population  level,  at  which  the 
unit  harvest  cost  c/x,  equals  the  unit  price  p. 
Depletion  below  this  level  is  never  worth- 
while, even  in  the  short  run  (Of  course  the  poss- 
ible influence  of  On  whales  and  other  species, 
vdudi  may  lead  to  further  ^ddentaP*  har* 
vests  of  Hue  whales,  is  here  neglected;  Clark, 
1977). 

Next,  the  gross  sustamable  revenue  and 
the  oonreqKmding  sustained  harvest  cost  are 
given  by 


R..p„,(,_   -J-)  . 


Q  -  cE,  -  CTI 


(6) 


(7) 


From  Table  I  we  observe  that  whereas  R,  is 
maximized  at  X,  =  75  tK)0  (the  MSY  point), 
nei  economic  yield  (i.e./  economic  rent), 


w.  =  R,C„  is  maximized  at  a  higher  popula- 
tion level.  X|  =  85  000.  It  mioht  thus  appear 
that  the  economically  optimum  yield  occurs  at 
a  higher  population  level  than  the  "biologicar 
optimum,  or  MSY  point.  Note,  however,  that 
this  argument  applies  only  to  the  sustainable 
yield  phase,  and  does  not  include  the  initial 
depletion  phase.  Only  if  this  phase  is  neglected 
can  we  be  certain  that  the  <^timal  x,  exceeds 
the  MSY  point. 

The  present  value  of  the  sustained  future 
net  econonnic  yield  is  given  by 


PV(irJ«  /re-*w.dt  = 


77-. 


(8) 


and  the  total  present  value  is  then  the  siun  of 
this  and  the  net  depletion  revenue; 


TPV-PV(w.)  +  fr, 


(9) 


These  values  are  shown  in  the  final  columns  of 
Table  1,  tor  annual  discount  rates  of  3  and 
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10  %  respectively.  The  results  are  also  indicat- 
ed graphically  in  Fig.  1 .  The  population  levels 
Xt  —  X*  that  maximize  total  present  value  are, 
fespecdvefy 

X*  -44000  for  d»  5% 

....  (10) 

xf  -  31200  for  10% 

Note  that  these  levels  are  far  below  the  MSY 
level  of  75  000  whales.  The  optimum  levels  for 
other  rates  of  disoount  are  given  in  Table  3. 

The  relative  importance  of  the  net  de- 
pletion revenue  tt,  is  clear  from  these  figures. 
From  equations  (8)  and  (9)  we  have 

TPV»-^  +  ff,    (11) 

V 

Thus  when  the  discount  rate  S  is  small,  the 
benefits  from  sustained  yield,  i.e.,  it,/8,  domi- 
nate the  total  present  value,  whereas  when  6  is 
large,  the  depletion  benefits  wi  dominate.  For 


the  case  of  the  blue  whale  resource,  the 
influence  of  5  is  very  strong  within  the  normal 
range  of  discount  rates,  say  0-20  %  per  annum. 
This  is  explained  the  fact  tiiat  the  whale 
population  itself  possesses  a  low  rate  of  growth 
-  only  2.5  %  per  annum  at  the  MSY  level 
X  =  75  000. 

In  general  the  optimal  equilibrium  po- 
pulation Kvel  X|*  is  given  by 

xf  =  4     +  V^^l   (12) 

where 

c        .  S 

X«  — i7   -»-  1  

pqK  r 

and 

8c5 
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TiMc  2.  Su«tainabl«  act  wvcmies,  iccovcfy  dncs  Mi  total  picseat  valacs  comspoadlm  to  a  modd  of  the  Antarctic  Mac  whale 

fisheries 


Equilibrium 
Population 

Level 

(Thousand 
Whales) 


Net 

Sustainable 
Revenue 

in.) 


Recover\ 
Time 

<T) 
(vean) 


Total  Present  Value 
(TPV) 


6  =  5^ 


«  =  lOf 


USStnUthns 

USSmltUons 

100 

13J 

66.6 

9.5 

a2 

14.0 

60.9 

13.3 

!sO 

14.0 

55.5 

17.5 

0.5 

70 

13.3 

50.1 

:i  K 

a9 

60 

12.0 

44.7 

25.7 

1.4 

50 

10.0 

28.6 

2,0 

40 

73 

32.5 

28.8 

2.8 

30 

4.0 

25.1 

22.9 

3J 

20 

0.0 

15.3 

on 

ao 

10 

-47 

0.0 

-94.0 

-47.0 

•  InitMKocklevcl-  MOWwtala. 


Notice  that  depends  upon  the  mtio  8/t  of 
the  eoraoinic  discount  rate  and  the  tnological 

growth  rate. 

In  the  above  illustration  it  Kas  been 
supposed  that  the  initial  depletion  phase  oc- 
curs "instantaneously." 

In  practice,  the  whaling  fleet  will  possess 
a  maximum  efl'ort  capacity,  and  depletion  will 
occupy  a  finite  length  of  time.  Our  analysis 
suguests.  however,  that  optimal  depletion 
should  occur  as  rapidly  as  possible;  this  is 
readily  seen  to  be  correct,  since  delayed  reve- 
nues must  be  discoimted. 

It  should  be  noted  from  equation  (12) 
that  the  optimal  equilibrium  population  level 
xr  does  not  depend  upon  the  initial  level  x,. 

In  the  case  that  x<,  <  xf ,  i.e.  the  popula- 
tk>n  Is  initially  In  a  depk-tcd  .state  relative  to 
the  optimum,  the  optimal  policy  (according  to 
our  model)  requires  a  moratorium  imtil  the 
population  recovers  to  the  optimal  level  xr. 
This  situation  is  illustrated  by  the  figures  in 
Table  2,  which  utilize  the  same  parameter  va« 
lues  as  before,  except  for 

x«»  10000  whales 


In  TaUe  2,  as  In  Table  1,  it  is  supposed 
that  some  "target**  population  level  X|  is  se- 
lected, and  that  management  imposes  a  mo- 
ratonum  until  the  population  has  increased  to 
Xi,  after  which  a  sustamed  yidd  is  maintained. 
The  net  sustained  economic  revenue  tt,  is  as 
before,  V,  *  R,  -  Recovery  time  T  is  given 
by 


r  Xb(K-xO 


(13) 


The  present  value  of  the  sustained  yield  be- 
ginning at  time  T  is  therefore  equal  to 


TPV  -  /f  c-*w,dt- 


TT.e 


-ir 


. . .  (14) 


Values  of  1 PV  for  5  =  5^  and  10  %  are 
shown  in  the  fmal  columns  of  Table  2.  These 
present  values  achieve  a  maximum  at  the  same 
population  levels  xf  as  given  by  equation  (12X 
Le.. 


44100  and 
respectively. 


31200 
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TaHc  3.  Optimal  equilibrium  populations  and  <ip(imal  siis- 
lainabte  yidds  for  a  model  of  the  Antarctic  blue 


Annual 
Diacount 
Rale 


Optimal 
Populalion 
Level 
(xi) 


Optimal 
Sustained 
Yield 


Q(t)  represents  the  number  of  catcher  vesseb 
in  existence  at  time  t  Let 

I  (t)  «  rate  of  investment  in  catdier  fleet 
y  —  rate  of  depreciation. 

Then  Q  (t)  satisfies 


0% 

85000  whales 

1842  wliala 

IS 

74000 

1  875  . 

3% 

ll  KI  • 

1 

$% 

44  lIKI  » 

1  >66  « 

}  \  :(Ki  » 

1  m 

15% 

27  2U0  » 

1  106  • 

25  000  » 

1042  » 

+  OO 

20000  • 

867  • 

dQ 
dt 


=  I  (I)  -  yQ 


(16) 


Finally,  lei  us  assume  lhal  whalmg  vessels  are 
oomptetely  specialized  and  have  no  resale  or 
scrap  value  in  the  event  that  they  are  no  longer 
needed  in  the  whaling  industry;  *  thus 


I(t)2s0    (17) 


In  the  present  case  it  is  not  the  potential  reve- 
nues from  depletion,  but  rather  the  length  of 
the  recovery  period,  that  influences  xf  and 
forces  it  below  the  MSY  level.* 


The  net  present  value  expression  is  now 

Net  PV  «  /r  c"  [v  (x,  E)  -  c  II  dt  (18) 
where 


Ct^ital  c(»sts'' 

The  above  model  incorporates  only  va- 
riable costs  (operating  costs)  associated  with 
the  search  for  and  capture  of  blue  whales.  In 
order  to  incorporate  capitalization  costs*  the 
modd  can  be  modified  as  follows.  Let 

Q(t)  =  total  etfort  capacity  at  time  t 

We  then  suppose  that  the  actual  level  of  eflbrt 
employed  is  constrained  by  the  condition 

O^E(t)^Q(t)    (15) 

As  a  first  approximation  we  may  suppose  that 


C  —  unit  cost  of  effort  capacity 
For  the  purpose  of  lilustration  wc  suppose  that 

c,  -  $4  X  10* 

Y  =  .15 

Maximization  of  the  net  present  value  expres- 
sion (18)  requires  the  specification  of  two  op- 
timal policies:  an  optimal  investment  schedule 
I  (t)  and  an  optimsil  effort  schedule  £  (t)  (and 
correspondmgly  an  optimal  harvest  quota 
schedule  Y(t)  =  qF  (t)  x  (t)).  An  analytic 
solution  to  this  problem  has  been  obtained  by 
Clark,  Clarke,  and  Mimro  (1977).  For  the  case 
d  «  10  %,  the  result  is  shown  in  Fig.  2. 

in  this  Figure,  t  -  0  represents  the  be- 


*  An  allCfnativc  way  of  looluag  at  the  foregoing  prob> 
Ion  bdisciBsed  in  the  Appendix. 

^  Ihis  sccliiin.  \s  Inch  was  added  suhsctjuenil\  in  ihi,-  pre- 
sentation of  the  paper  at  the  Berecn  Conference,  mcorporales 
recent  theoretical  lesails  of  Clane.  Clarice,  and  Muoro  ( 197^. 


*  See  Clark,  Clarke,  and  Munro  (1977)  for  less  restric- 
tive forms  of  iMs  "irreveisibility*  bypothesis. 
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ginning  of  the  Antarctic  pelagic  wlialing 
industry,  so  that 

x(0)-  150000  whales 

A  rapid  initial  expansion  of  capacity  "at  I  =  0 
culminates  m  a  total  licet  capacity  of  72  catch- 
er vessels.  The  whale  stocks  are  rapidly  re- 
duced, reaching  a  minimum  level  of  29  100 
whales  after  20  years'  time  As  a  consequence 
of  depreciation  ot  the  lleet  capacity,  sustain- 
able yield  at  this  stodc  level  can  no  longer  be 
taken  unless  fleet  capacity  is  maintained  by 
further  investment.  However,  because  of  the. 
depleted  state  of  the  stocks,  such  new  invest- 


'  Our  model  actuatly  permits  an  infinite  late  ofexpan* 
sion  at  t  >  0.  If  in  fact  tke  expaiuioa  ocean  over  a  period  of 
several  yeai«,  it  can  be  leea  tliai  the  optiiiMl  built-up  capacity 
will  be  lomewhat  smaUerihan  given  heie. 


ment  is  not  warranted.  Ultimately  (at  t  =  31 
years)  the  stocks  recover  to  a  level  \f  at  which 
new  mveslment  costs  are  warranted,  and  a 
state  of  equilibrium  is  finally  achieved.  The 
long-run  equilibrium  x*  can  be  calculated 
from  equation  ( 1 2)  by  replacing  variable  cost  c 
by  the  total  cost; 

c«i-c  +  (y  +  «)c,    (19) 

For  the  assumed  parameter  values  we  obtain 

X]*  >-  43  SOO  whales. 

It  ma^  seem  surprising  that  the  pro- 
nt«maximizmg  development  path  of  the 
whaling  industry  is  as  complex  as  this.  But  the 
rationale  is  fairly  clear:  because  of  the  large 
profits  available  from  the  initial  stages  of  ex- 
ploitation, and  because  of  the  discounting 
phenomenon,  a  large  fleet  capacity  is  built  up     1 7 
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initially.  In  fact  the  tiptimal  fleet  capacity  ex- 
ceeds the  long-run  optimum,  even  taking  ac- 
count of  depreciation.  During  a  temporary 
period,  capacity  is  thus  in  access  of  the  optimal 
sustained  yield  requirements,  but  since  whal- 
ing vessels  are  assumed  to  have  no  alternative 
uses,  it  is  economically  feasible  to  continue 
using  them  even  though  this  results  in  further 
(temporary)  depletion  of  the  whale  stocks 
Ultimately,  however,  the  transient  efl'ects  of 
the  initial  phase  disappear,  and  a  long-run 
optimal  equilibrium  is  achieved  at  a  stock  level 
Xj  determined  by  the  biological  and  economic 
parameters.  (Note:  the  fleet  capacity  resulting 
from  this  calculation  is  significantly  lower  than 
that  actually  experienced  in  the  Antarctic 
whaling  industry.  However,  if  the  analysis  is 
extended  to  include  fin  whale  stocks  as  well, 
more  realistic  fleet  capacities  emerge.) 

Iny>ttcations  of  the  model 

The  foregoing  analysis,  albeit  severely 
oversimplified ,  has  important  implications  for 
the  management  of  whale  populations^  and 
also  of  other  marine  resources,  particularly 
those  possessing  low  rates  of  biological  growth. 
The  analysis  indicates  that  the  economic 
mcenlive  lor  conservation  of  such  resources 
may  be  quite  minimal,  as  far  as  the  commer- 
cial industry  is  concerned.  The  economic  \  a 
lues  of  the  whalinp  inciustrv,  of  course,  may 
not  coincide  with  long-term  economic  values 
of  society  as  a  whole.  For  example,  it  is  often 
argued  that  the  private  rate  of  interest  (the 
"opportunity  cost"  of  private  capital)  exceeds 
the  socially  optimal  lime-preference  rate 
(Fddstein,  1%4).  Similarly,  society  may  be 
willing  to  absorb  greater  risks  than  individual 
industries. 

International  institutions  such  as  the 
International  Whaling  Commission  (IWC) 
seem  to  have  been  established  on  the  assump- 
tion that  the  economic  interests  of  the  industry 
would,  if  properly  channdled,  automatically 
ensure  the  conservation  of  the  resource.  Un* 
fortimately,  this  supposition  has  been  sup- 


ported by  much  of  the  enrlv  theoretical  lite- 
rature on  resource  economics,  which  until  re- 
cently has  been  based  upon  a  sialic  analysis. 
On  the  other  hand,  economists  have  correctly 
identified  many  other  short-comings  of  pre- 
sent institutions  governing  marine  resource 
exploitation.  As  a  general  rule,  these  institu- 
tions and  their  regulations  have  been  esta- 
blished with  little,  if  any.  consideration  of  the 
economic  aspects  of  the  industry.  Thus,  even 
in  cases  where  biological  conservation  has 
been  successful,  the  economic  performance  of 
the  industry  has  often  remained  marginal. 

A  proposal  arising  from  the  1975  United 
Nations  conference  on  the  Law  of  the  Sea  in 
Geneva  may  point  die  wav  to  the  ultimate 
resolution  of  these  difficulties.  This  proposal 
concerns  the  establishment  of  a  "Sea-bed  Au- 
thority**, which  would  possess  property  rights 
in  the  resources  of  the  sea  bed  (primarily 
manganese  nodules).  The  Authority  \\ouk\  he 
empowered  to  issue  licences  for  and  to  collect 
royalties  from  the  exploitation  of  these  re- 
sources. Significant  revenues  which  would  ac- 
crue to  the  .Authority  could  be  devoted  to 
scientific  research,  and  to  other  beneficial  ac- 
tivities. Thus  the  principal  social  benefit  of 
such  an  Authority  would  lie  in  the  fact  that  the 
economic  benefit  of  a  common  property  re- 
source would  accrue  to  the  world  community 
at  laige  (through  the  Authority),  rather  than 
either  accruing  to  a  .select  community  of  ex- 
ploiting countries,  or  being  dissipated  through 
unregulated  competition. 

It  is  possible  to  contemplate  a  similar 
institution  -  A  "Marine  Mammal  Authority" 
-  with  rights  to  marine  mammal  resources.  If 
properly  constituted,  such  an  Authority  could 
prove  highly  succesrful  in  achieving  both  bio- 
logical conservation  and  economic  efTiciencv, 
as  well  as  an  equitable  distribution  of  benefits. 
There  might  be  some  danger  that  the  Author- 
ity would  employ  high  discount  rales  (which  in 
fact  may  be  justified  in  the  economies  of  de- 
veloping countries,  for  example)  to  approve 
the  biological  overexptoitadon  of  some  popu- 
lations. However,  if  this  danger  is  recognized  it 
should  be  possible  to  fofmidate  the  charter  of 
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the  Authority  in  such  a  manner  that  severe 
overexploitation  is  not  permitted  Other  than 
this  proviso,  the  Authority  should  be  granted 
the  widest  possible  f>oweis  to  control  the  ex- 
ploitation of  marine  mammals  as  it  sees  fit. 
The  Authonty  could  lead  lo  the  solution  of  the 
basic  problems  of  conservation,  efliciency,  and 
distfibutiQii  of  benefits  -  problems  that  have 
plagued  the  management  of  common  property 
resources  throughout  history. 

Appendix 

The  following  alternative  method  of 
comparing  the  static  (equilibrium)  and  dyna- 


">  Several  potential  costs  that  might  be  associated  with 

serious  depletion  have  been  neglected  in  our  model.  For 
et.inipiL'  LiiiLLit.iints  (both  biological  and  econi  ir.iL )  should 
be  (.i.>nsidcrcd.  In  practice,  such  oonsidcralions  wiU  usually 
imply  additional  awmwintt  OB  the  levd  of  depletion  (G«i- 
land.  1976). 


mic  versions  of  the  Gordon-Schaefer  model 
was  suggested  by  K.R.  Allen  (see  hig.  2).  Let 
parameter  x  denote  the  current  population  of 
Antarctic  blue  whales.  Then  PV  (solid 
curve)  is  the  present  value  of  net  economic 
revenue,  assuming  that  the  population  is 
maintained  at  the  level  x.  On  the  other  hand, 
TPV  (dashed  curve)  is  the  maximum  present 
value  that  can  be  achieved  hv  a  hars'est  policy 
allowing  adjustments  to  the  present  popula- 
tion level  (see  equations  (9),  (14)).  It  is  clear 
that 


TPV  <.PV  (ttJ 


with  strict  inequahty  except  in  the  case  that 
X  =  xf.  The  difTerence  between  the  ordinates 
of  the  two  curves  represents  the  depieticm  re- 
venue (when  X  >  x*),  or  simply  the  excess 
value  of  a  recovery  pohcy  (when  x  <  xf. 
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MAXIMUM  SI  S  I  AINABLE  YIELD 
AND  ITS  APPLICATION  TO  WHALING 


SJ.  Holt 


The  author  presents  a  discussion  on  whalinj;  regulations  from  the  Inicrnational  Con- 
vention for  the  Regulation  of  Whaling,  1946,  to  the  special  meeting  of  the  Scientific  Com- 
mittee of  the  IWC  m  December  1974.  He  explains  the  nature  of  maximum  sustainable  yield 
(MSY).  which  describes  the  property  not  of  an  animal  population,  but  of  a  mathematical 
model  w  hich  is  applied  to  data  from  the  population.  The  model  may  or  may  not  be  based  on. 
or  derived  from,  those  data.  In  its  simple  form,  the  model  a.viume.s  that,  for  a  given  value  of 
population  si/e,  there  IS  a  catch  which  cad  be  taken  regulariy.  for  an  indeflnite  period. 
Althoufjh  MS>'  has  commonly  bocn  referred  to  a<  a  "biologicallv  (ielfrmined  criterion"  for 
sound  resource;,  nianagcincni.  this  i!>  nuhieading.  smce  MSY  is  a  function  at  least  of  the  si/cs  of 
animals  which  first  become  liable  to  capture,  as  well  as  of  the  population  sizes  determined  by 
the  overall  rale  of  exploitation.  Ml  application?  of  the  MSY  concept  have  assumed  reversibi- 
lity, so  thai  il  inicnsilied  whaling  overshoots  iHc  MSY  level,  it  is  only  necessary  to  reduce  the 
intensity  suffidentiy  and  for  long  enough  for  the  stock  to  recover.  This  assumption  is  cbal- 
lenccd  The  author  suggests  an  interim  strategy  for  the  formulation  of  improved  goals  in  the 
management  of  w  ild  stocks,  which  includes  the  acceptance  of  the  concept  of  MSY-stock  level, 
not  as  the  sole  obfective,  but  as  a  tower  bound  to  permissible  exploitation,  and  as  part  of  a 
multi-faceted  definition  of  "conservation"  Appendices  include  a  discussion  of  the  relations 
between  the  slock  levels  and  fishing  (whalmg)  effort  for  MSY  and  those  for  maximum  net 
yield,  "commercial  extinction**  and  "biologicBl  extinction";  the  consequences  of  discounting 
values  of  future  catches;  baleen  whales  in  the  Southern  Hemisphere  treated  as  a  single 
resource;  inelTective  catch  quotas,  and  supporting  texts.  A  bibliography  is  included. 

L'autcur  examine  les  r^glcmenls  relaiifs  ^  la  chasse  a  la  baleine  depuis  la  Convention 
Internationale  de  1946  jusqu'a  la  reunion  speciale,  en  decembre  1974.  du  Comit^  scientifique 
de  la  Commission  Internationale  baleiniire.  II  explique  ce  qu'il  faut  entendre  par  rendement 
maximal  t^quilihrc  nt)tion  corresptmdant  non  i  une  population  animale.  mais  A  un  mod^- 
ledmathematique  qui  est  applique  aux  donnees  relatives  a  cctte  population.  Le  module  peut 
£tre  fondd  ou  non  sur  ces  donnees.  Sous  sa  forme  simple,  le  mod^  repose  sur  rhjrpothte 
selon  laquelie,  pour  un  chiffre  donnc'  de  la  population,  il  exi.ste  un  laux  de  capture  qui  peut 
elrer^alxseconstammentpendantuneperiodemdefmie.Bienqueronaitcommun^menlqualifie 
le  rendement  nuudmal  iquillbrft  de  "crit^  d^ermini  biologiqueinent"  pour  un  bon  ami- 
nrtHcmcnt  dcs  ressources.  cette  definition  risque  d'induire  en  erreur.  6tant  donne  que  ce  critdre 
est  tbnciion  tout  autant  de  la  taille  des  animaux  susceptibles  d'etre  captur^^  que  du  volume  de 
la  population  d^tennini  par  le  taux  global  d'exploitation.  Toutes  les  appUcaiions  de  la  notion  21 
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dc  rcndcmcnt  maximal  dquilibri  pr^supposcnl  la  riversibililtV  dc  •ionc  que  si  rintcnsifica- 
tion  de  la  chaise  ^  la  baleine  exc^e  le  niveau  du  rendement  maximal  equUibr^,  il  suflit  de 
rMuire  oette  intensiti  suffisamment  et  pendant  assez  longtcmps  pour  que  le  stock  se  reoons- 
tiiiie  II  est  douteux  que  cette  hvpothese  soil  fondee  L'auteur  propose  urie  strategie  interi- 
mairc  pour  ^laborer  de  meilleurs  objecUfs  d'aminagement  des  stocks  sauvages;  cette  strategie 
admettnut  la  notion  d*ttn  niveau  d«  stocks  oorrespondant  an  rendement  maximal  4quilibr6, 
non  comme  objectif  unique,  mais  comme  limite  inferieure  d'une  exploitation  admissible  et 
dans  le  cadre  d'une  definition  oomplexc  de  la  "conservation".  On  trouve  en  annexe  du 
document  une  diacossion  oonoemant  ies  rapports  entre  le  niveau  des  stocks  et  Teffbrt  de  pdcbe 
(on  pluldt  de  chasse)  k  la  baleine  permettant  d'atteindre  le  rendement  maximal  6quilibr^  et 
ceux  qui  permeitraient  d'atteindre  le  rendement  net  maximal  ("extinction  commerciale**  et 
"extinction  biolo^quc les  consequences  de  Factualisation  de  la  valeur  des  prises  futures.  Ies 
mystic^tes  considirte  comme  ressource  unique  dans  I'hcmisphcrc  sud,  Ies  continfenis  de 
capture  inefTicaces,  auxquels  sont  joints  des  textes  de  rif(ferenoe.  Une  bibliographic  accompa- 
gnc  le  document 


Exfracto 

£1  autor  presenta  un  an&Usis  de  las  regulaciones  balleneras,  desde  el  Convenio  Inter- 
nactonal  para  la  Regulaci6n  de  la  Pesca  de  la  Ballena.  de  1946.  hasta  la  reunidn  especial  del 

Comitc  Cicntifico  de  la  Comision  Ballcncra  Inlcrnacional.  celebrada  en  diciembre  de  1974 
Explica  la  naturaleza  del  rendimiento  sostenible  miximo  (RSM),  que  describe  las  caracteris- 
ticas  no  de  una  poblaci6n  animal,  sino  de  un  modelo  matemitico  que  se  aplica  a  los  datos  de 
la  puhl.u  ion.  Dichomociclu  pucJc  o  no  basarse  en  dichos  datos oderivarse  de  los  mismos.  En 
su  formulacion  simple,  el  modelo  parte  del  supucsto  de  que.  para  un  determinado  valor  dc 
tamaiio  dc  la  poblaci6n,  cxistc  una  captura  que  puede  obtenersc  regularmentc.  durante  un 
peilodo  indefinido.  Aunque  comflnmente  se  ha  hecho  referencia  al  RSM  como  un  "criierio 
detcrmin  itio  binlcSgicamcntc"  para  ima  ordcnad6n  valida  de  los  recursos.  esta  definicion  se 
presia  a  cquivcKos  va  que  cl  RSM  es  una  (unci6n,  por  lo  menos.  de  los  tamanos  de  los 
atumales  susceptibles  por  primera  vez  de  captura.  asl  oomo  de  la  raagnitud  de  la  pobtacito 
delerminada  por  el  mdicc  rlobal  i!e  cxplotacion  Todas  las  aplicaciones  del  concepto  de  RSM 
han  asumido  la  reversibilidad,  de  modo  que  si  la  pesca  mas  iniensa  dc  ballenas  rebasa  los 
Kmitcs  del  nivel  RSM.  basta  Anicamente  con  reducir  la  tntensidad  lo  sufidente  y  durante  todo 
cl  tiempo  necesario  para  que  la  p<iblaci6n  se  recuperc.  F,sta  afirmacion  cs  ohjcto  dc  impug- 
naci6n.  £1  autor  propone  una  estrategia  provisional  para  la  formulacibn  de  metas  perfec- 
ckmadas  en  la  ordenadta  de  poblaciones  salvajes,  lo  cual  incluye  la  aceptaci6n  del  concepto 
de  nivei  dc  poblacion  RSM.  no  como  objetivo  linico.  sino  como  un  limite  m.is  bajo  para  una 
cxplotacion  permisible,  y  como  parte  de  una  definici6n  plurtfacctica  dc  conscrvacibn.  £n  los 
ap^dices  figura  un  anilisis  de  las  rdaciones  existentes  entre  los  niveles  de  pobladdn  y  el 
esfuerzo  de  pesca  f pesca  de  la  ballena)  para  el  RSM  y  las  correspondientes  a  un  rendimiento 
neto  maximo,  la  "extincion  comercial"  y  la  "extincidn  biol6gica";  las  oonsecuendas  de 
desoontar  los  valores  actuales  de  las  captnras  futuras;  las  ballenas  de  barba  del  hemisferio 
austral  considcradas  como  un  rccurso  singular;  loscuposineficaccsdecaptura;  y  los  textosde 
referencia.  Se  adjunta  una  bibliografia. 
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APPLICATION  OF  MSY  TO  WHALING 


This  paper  was  prepared  tor  the  Airlie 
Workshops  in  1975,  and  revised  for  ihe  Bergen 
Scientific  Consultation  1976. 

**Scientiric  analyses  should  include  an 
assessment  of  their  own  limitations.  It  is 
incumbent  upon  the  practitioners  of  science  to 
develop  procedures  whidi  can  expr«s  the 
information  content  of  thdr  prediction  in  a 
readily  understandable  manner.  The  effort 
may  require  as  mucli  thought  and  ingenuity  as 
the  developnient  of  the  original  prediction**.* 

The  International  Convention  for  the 
Regulation  of  Whaling,  1946,  provides  in  its 
Article  V  (2)  (b),  that  regulations  with  respect 
to  the  oonservation  and  utilization  of  whale 
resources  "shall  be  based  on  scientific  find- 
ings". The  Convention  established  the  Inter- 
national Whaling  Commission  (IWC),  with 
power  to  set  up  committees.  One  such  com- 
mitlee  is  the  Scientific  Committee  which  deals 
with  the  above  provision  The  other  standing 
committee,  to  which  all  Member  States  may 
nominate  members,  is  the  Technical  Commit- 
tee:  it  is  usually  composed  of  the  Commission- 
ers themselves;  it  acts  in  etTect  as  a  committee 
of  the  whole  Commission  and  gives  most  at- 
tention to  another  requirement  of  Article  V, 
namely  that  regulations  "shall  lake  into  con- 
sideration the  interest  of  the  consumers  of 
whale  products  and  the  whaling  industry"*, 
especially,  in  practice,  the  latter. 

From  early  days  the  Scientific  Commit- 
tee has  usually  been  well  aware  when  whale 
species  and  stocks  were  being  overexploited, 
and  has  issued  warnings,  pleas  and  suggestions 
as  to  the  levels  of  permissible  catch.  It  was  not 
until  the  early  sixties,  however,  thai  numerical 
and  algebraic  models  began  to  be  applied  sys- 
tematically to  predict  the  quantitative  conse- 
quences of  proposed  regulations.  Such  appU- 
cations  to  the  blue  and  humpback  whales  in 
the  Aniaictic,  which  were  already  greatty  de- 
pleted, and  to  Ihe  fin  whale,  then  in  process  of 
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rapid  depletion,  seemed  convincing  both  to 
scientists  and  Commissioners.  This  temporar- 
ily silenced  the  disagreement  among  scientists 
which  had  previously  contributed  to  delays  in 
taldng  remedial  action.  Agreement  by  con- 
sensus on  ""best  estimates"  for  whale  stocks 
became  a  major  ol^ective  of  the  Scientific 
Committee.  This  has,  I  suggest,  over  the  years, 
led  the  scientists  concerned  to  underemphasize 
the  limitations  of  the  methods  and  data  used. 
It  has  not  been  easy  to  examine  these  limita- 
tions critically  because  few  scientists  are  occu- 
pied full-time  (or  even  most  of  their  time)  with 
this  matter,  research  funds  and  facilities  arc 
chronicalfy  inadequate  and  the  rules  of  the 
game  include  tmwritten  rules  of  international 
courtesy 

While  understandable,  this  has  regret- 
table consequences,  particularly  so  as  scientific 
attention  moves  from  the  obviously  depleted 
stocks  to  those  which  have  onlv  been  hghtly  or 
moderately  exploited,  it  \sa;>  perfectly  obvious, 
by  the  time  the  blue  whale  had  been  re- 
duced so  much  that  it  \%';ls  mrclv  seen,  that  it 
could  not  support  amiinucd  hunting.  If  ap- 
propriate action  had  been  taken  at  that  time 
with  respect  to  the  fin  whale  we  should  not 
now  be  arguing  about  whether  it,  too,  needs 
complete  protection.  According  to  Gam  bell 
(1974)  **the  futuK  for  the  whales  looks  bright** 
because  "there  is  a  prospect  of  management 
bein^  grounded  on  rational  policies",  yet  at 
this  tune  gambles  are  still  being  taken  with  the 
most  important  stocks  whkh  remain  —  sperm 
whales  -  as  well  as  with  the  smallest  baleen 
whale,  the  minke  (Holt.  1974).  I  believe  this 
results  from  overconlldence  in  the  methods  of 
manipulation  data  compounded  by  imrealistic 
demands  for  precise  scientific  advice. 

The  1946  Convcniion  does  not  refer  to 
maximum  sustainable  yield  (MSY)  nor  to  the 
concept  of  sustainable  yield.  The  Preamble  to 
the  Convention  does,  however,  refer  to 
achieving  optimum  levels  of  whale  stocks  as 
rapidly  as  possible,  and  Artide  V,  para.  2,  lays 
down  that  amendments  to  the  Schedule  should 
be  such  as  are  necessary,  infer  alia,  "to  provide 
for  ...  optimum  utUizaiion  of  the  whale  resour-  23 
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ces".  although  no  definitions  arc  given.  The 
first  explicit  reference  to  the  sustainable  yield 
criterion  for  management  is  in  the  Resolution 
adopted  by  the  IWC  at  its  1 2th  meeting  in 
1960.  This  established  the  Special  Committee 
of  Three  Scientists  to  study  and  report  "on  the 
levd  of  sustainable  yield  that  can  be  supported 
by  the  Antarctic  miale  stocks"  and  "on  con- 
servation measures  that  would  increase  this 
sustainable  yield  so  that  it  may  be  brought  to 
an  optimum".  In  its  First  biterim  Report, 
submitted  to  the  Commission  in  June  1961,  the 
Special  Committee  still  does  not  refer  to  MSY, 
although  it  mentions  the  methods  of  analysis 
''to  determine  optimum  yield"  (Chapman  ctf 
fl/.,  1962).  In  its  f  inal  Report  (Chapman  etal.^ 
1964)  the  Special  (\nimiittee  used  the  term 
"optimum  level"  to  mean  the  stock  level  cor- 
responding with  MSY.  The  Committee  pre- 
sented assessments  of  current  sustainable 
yields  in  numbers  of  fin,  blue,  humphaek  and 
sei  whales  in  the  Antarctic,  but  remarked  that 
''consideration  must  be  given  to  assessing 
stock  levels  in  units  more  dearfy  related  to 
economic  needs,  taking  into  account  both  the 
yield  of  economically  valuable  products  and 
the  leiative  cost  <ii  productioii ...  related  to  the 
catch  per  unit  effort*.  An  *^inofriciar  group  of 
whale  specialists  in  a  meeting  in  1970  contin- 
ued to  use  the  term  "optimal  stock  size  ^  as 
the  size  giving  MSY  (implicitly,  in  numbers) 
(Schevill,  1974). 

\feanwhile,  in  1966,  the  1958  Geneva 
Convention  on  the  Cx)nservation  of  the  Living 
Resources  of  the  High  Seas  had  come  into 
force.  Its  Article  2  contained  the  following  def« 
inition  of  MSY  drafted  in  1955  by  the  UN 
International  Technical  Conference  on  the 
Ctmservation  of  the  Living  Resources  of  the 
Sea:  "Conservation  means  the  aggregate  of 
measures  rendering  possible  the  optimum  sus- 
tainable yield  ...  so  as  to  secure  a  maximum 
supply  of  food  and  other  marine  products'*. 
This  definition  of  conservation  has  been  sub- 
stantially included  in  practically  all  draft  ar- 
ticles on  fisheries  submitted  to  the  1974-73  UN 
Confeience  on  the  Law  of  the  Sea. 

At  its  Annual  Meeting  in  June  1974,  the 


IWC  decided  to  categorize  whale  stocks  for 
management  purposes.  The  operative  clauses 
of  the  decision,  which  identify  3  categories  of 
stocks  for  management  purposes  refer  to,  but 
do  not  define,  MSY  in  the  following  terms: 
"Initial  management  stocks ...  may  be  reduced 
in  a  controlled  manner  to  achieve  MSY  levels 
or  optunum  levels; 

Sustained  management  stocks  ...  should  he 
maintained  at  or  near  MSY  levels  and  then  at 
optimum  levels; 

Protection  stocks ...  which  are  below  the  level 
of  sustained  management  Stocks  and  should  be 
fully  protected". 

The  full  text  of  this  "decision**  is  ap- 
pended (Appendix  2).  The  advisory  role  of  the 
Scientific  Committee  is  defined  therein  and 
should  be  noted;  in  particular  that  the  meas- 
ures to  be  applied  to  Initial  Management 
Stocks  be  such  as  are  "necessary  to  bring  such 
Stodcs  to  MSY  (and  then  optimum  )  level /n  an 
efficient  manner  and  without  risk  of  reducing 
them  below  such  level".  It  should  be  noted  also 
that  the  tei(i)  "optimum  yield"  is  used  —  but 
not  defined  -  in  the  decision,  and  apparently 
implies  that  the  corresponding  "optimum  le- 
vel** of  stock  would  be  somewhat  higher  than 
that  ghring  the  MSY. 

At  a  special  meeting  in  December  1974. 
the  Scientific  Committee  attempted  to  respond 
to  the  leanest  from  the  Commission  for  "ad> 
vice  on  the  criteria  which  should  be  used  in 
defining  (the  3)  categories  of  whale  stocks". 
Since  it  was  made  clear  that  species  which 
were  already  fully  protected  ("Protected  Spe- 
cies": Blue,  Pygmy  Blue,  Humpback,  Right 
Whales  and  Gray  Whales)  were  automatically 
to  be  designated  as  Protection  Stocks,  the 
Committee  discussed  the  **criteria**  having  in 
mind  certain  "difficult"  cases  of  deciding 
whether  particular  rather  lightiv  (or  recently) 
exploited  stocks  or  species  would  become  cat- 
egorized as  under  ''initial'*  or  "sustained" 
management,  and  whether  some  other  stocks 
which  have  been  more  heavily  exploited  for  a 
longer  time  would  be  under  "sustained  man- 
agement** Qt  **i»otection**.  In  the  lattercase,  the 
difficult  proved  to  be  to  interpret  the  term 
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"near"  (MSY)  levels:  in  the  former  case 
"near"  is  also  a  problem,  but  the  difficulties 
come  mainly  from  the  very  feeble  knowledge 
about  species  (particularly  the  minke  whale) 
which  have  only  recently  became  the  object  of 
intense  pelagic  whaling,  "Near  "  could  conceiv- 
ably be  defined  scientilically  m  terms  of  sta- 
tistical errors  of  estimates  of  MSY  (though 
such  a  definition  would  not  necessarily  be  ac- 
ceptable --  or  even  useful  —  to  the  Commis- 
sion itselO  but  these  errors  are  unmeasured, 
and  are  perhaps  unmeasurable.  Sensing  this, 
the  Scientific  Committee  has  sought  wavs  of 
giving,  in  efTect,  blurred  definitions  of  some 
stock  categories,  and  devises  a  proposal  for  a 
graduated  range  of  whaling  effDrt  on  stocks 
below  the  "best"  estimates  of  the  MSY  level. 

Another  general  problem  involves  taxo- 
nomy. The  IWC  and  the  national  (Norwegian) 
agency  which  provides  statistics  of  catch  and 
whaling  effort  to  the  IWC  -  the  Bureau  of 
International  Whaling  Statistics  (BIWS)  — 
have  a  long  history  of  lumping  different  taxa. 
Important  cases  have  been  the  lumping  of  the 
blue  whale  and  pygmy  blue  whale  subspecies, 
and  of  the  sei  whale  and  Biyde's  whale.  How- 
ever, although  the  question  of  the  validity  of 
the  pygmy  blue  whale  as  a  distinct  sub-species 
impeded  for  a  year  or  two  the  protection  of 
blue  whales  in  the  late  sixties,  much  more  se- 
rious questions  are  the  identification  within 
each  species  of  distinct  breeding  stocks,  as 
biologically  defined,  and  of  stocks  as  "defin- 
ed** for  purposes  of  the  IWC  dedsiiHi,  as 
those  **units  which  can  be  most  efiectivdy 
managed  individually". 

The  puipose  of  the  1 946  Convention  was 
**to  provide  for  the  proper  conservation  of 
whale  stocks  and  thus  make  ptissiblc  the  or- 
derly development  of  the  whaling  industry". 
To  this  end  the  IWC  reviews  and  amends  each 
year  a  **Schedule"  of  regulations.  It  is  con- 
strained to  base  'M".  actions  on  scientific  find- 
ings. The  possible  actions  are  of  several  kinds 
and  include  closing  certain  areas  (''sanctua- 
ries'') to  whaUng,  establishment  of  minimum 
size  limits,  restricting  capture  of  lactating  fe- 
males, openmg  and  closmg  whaimg  seasons. 


applying  different  rules  to  land  stations  and 
pelagic  expeditions,  and  .special  rules  lo 
aboriginal  peoples  catching  whales  on  a  sub- 
sistence basis  for  local  consumption  as  human 
food.  The  actions  the  Commission  considers 
most  important  are,  however,  the  selling  of 
overall  catch  quotas  for  each  season.  These  are 
now  defined  as  the  total  numbers  of  each  spe- 
cies of  large  whale  that  may  be  taken  in  var- 
ious areas;  in  the  case  of  sperm  whales  the 
quotas  are  also  established  for  each  sex.  A 
species  may  be  totally  "protected"  throughout 
all  or  part  of  its  range;  this  is  effectively  the 
same  as  setting  zero  quotas,  although  there  are 
legalistic  differences  between  the  2  actions.  It 
is  well-known  that  until  recent  years  the 
Commission  set  quotas  for  the  Antarctic  in 
terms  of  "Blue  Whale  Units"  (BWU)  -  a 
weighted  average  of  numbers  of  4  types  (6 
taxa)  of  baleen  whales.^ 

Since  the  sixties  the  quota  (whether  in 
BWU  or  by  species)  has  been  divided  between 
those  IWC  nations  which  conduct  pelagic 
whaling  by  agreements  concluded  concurrent 
with,  but  formaliv  ouLside,  IWC  meetings  — 
and  there  is  mutual  interaction  between  these 
debates  and  Commission  debates  on  quotas. 
Each  nation  —  and  whaling  company  -  will, 
among  other  things,  have  made  prior  calcula- 
tions of  what  catches  arc  needed  in  the  coming 
season  to  at  least  pay  the  costs  of,  and  yield  a 
modicum  of  profit  to,  the  expeditions  (a  fac- 
tory ship  plus  a  number  of  catcher  boats)  that 
it  wshes  to  send  out.  As  the  total  number  of 
expeditions  has  decreased  ovor  the  years,  it 
becomes  more  difficult  to  adjust  the  whaling 
effort  to  an  exact  quota  -  one  expedition  less, 
or  more,  can  mean  a  quota  allocation  not 
reached,  or  reached  too  easily  and  shared  too 
thinlv  hurthermore,  although  the  BWU  is  not 
now  used,  each  whaling  enterprise  continues 
to  make  its  opontional  decisions  on  the  basis 
of  the  expectation  of  catdies  of  a  number  of 


2  BWU  -  1  blue  whale  =  2  tin  >  6  sei  >  2.1/2 
humpbacks  -  based  on  the  oil  yield  from  the  dUTereat  spe- 
cies. 25 
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^>ecies  of  baleen  whales  differing  greatly  in 
Size,  as  well  as  of  sperm  whales.  It  is  evident 
therefore  that  at  governmental  level  the  debate 
on  a  quota  for  1  species  -  say,  fin  whale  —  is 

influenced  considcrahlv  bv  expectations  of 
what  might  be  acceptable  lor  another,  such  as 
minke. 

Lastly,  the  limited  applicability  of  IWC 
decisions  should  be  noted.  Thev  apply,  of 
course,  only  to  the  vessels  opera  tmg  under  the 
flags  of  Member  States  of  the  Commission; 
schedule  amendments  require  a  three-quarters 
majority  decision  and  arc  not  binding  on  a 
slate  which  has  invoked  the  "90-day  objection 
clause**  in  the  Convention;  and  tl»ne  has  long 
been  controversy  over  the  application  of  quota 
decisit)ns  equally  to  land  stations  as  to  pelagic 
expeditions.  A  considerable  amount  of  whal- 
ing is  carried  out  hy  non-member  states,  and 
certain  members  participate  in  joint  whaling 
enterprises  with  non members,  the  vessels  of 
which  fly  the  flags  of  the  latter.  ' 

The  term  ^MSY"  describes  a  property 
not  of  an  animal  population  but  of  a  mathe- 
matical model  which  is  applied  to  data  from  a 
population.  The  model  may  or  may  not  be 
baaed  on,  or  derived  from,  those  data.  In  this 
simple  form  and  that  is  the  form  which  has 
been.  s<^  far,  applied  to  whales  -  the  model 
assumes  that  lor  a  given  value  of  population 
size  there  is  a  catch  (the  sustainable  yield  - 
SY)  which  can  be  taken  regularly,  for  an 
indefinite  period.  Thus  a  curve  of  SY  against 
population  size  can  be  computed;  SY  is  zero 
for  an  unexploited  population,  and  also  for  an 
extinct  population;  somewhere  in  between  in 
the  greatest  SY  -  the  MSY. 

In  whales  both  population  size  and  catch 
have  for  this  purpose  oeen  defined  as  numbers 
of  animals,  fhe  population  size  Is  variously 
deflned  as  total  number,  or  the  number  of 
mature  animals,  or  the  recruited  number  — 
that  is,  the  number  of  animals  having  a  size, 
distribution  and  behaviour  such  that  they  are 


>  For  a  detaOed  biMorical  aooount  of  whaliiig  managff- 
ment.  aee  Vampleii,  1971 


liable  to  capture  by  the  whaling  effort,  as  it  is 
deployed  and  regulated.  Evidently,  if  "re- 
cruitment" occurs  several  years  after  birth,  the 
mulber  of  **recruits"  (which  is  the  most  im- 
portant factor  in  sustaining  the  catch  at  a  cer- 
tain level)  will  depend  on  the  size  of  the  mat- 
ure population  several  years  before,  rather 
than  during,  the  year  of  catch;  this  time-lag  of 
dependence  of  SY  on  population  size  can 
readily  be  -  and  has  been  -  incorporated  into 
the  simple  models  applied  to  whales.  Consi- 
deration of  it  led  Gulland  and  Boerema  (1973) 
to  define  another  quantity,  the  replacement 
yield  (RY),  as  "that  catch  which,  if  taken  (in  a 
given  year)  will  leave  the  abundance  ^sS  the 
exploitable  (i.e.,  recruited)  part  of  the  popula- 
tion  at  the  end  of  the  year  the  same  as  at  the 
beginning".  This  led,  liirther,  to  a  definition  of 
(a)  equivalent  sustamdbk  yiehi  (ESY)  from  a 
population  which  has  been  dunging,  "as  the 
SY  from  a  population  of  the  same  abundance 
(or  with  the  same  abundance  of  the  exploited 
phase)  which  has  remained  at  this  levd  of 
abundance  for  a  long  time";  and  (b)  main- 
tainable yield  (MY)  as  "the  largest  catch  that 
can  be  mamtained  from  the  population,  at 
whatever  level  of  stodc  size,  over  an  indefinite 
period".  MY  is  equal  to  the  corresponding  SY 
for  populations  at  levels  below  that  for  MSY. 
and  to  MSY  for  populations  at  or  above  this 
level.  The  following  observations  about  l^ASY 
apply  fully  to  these  other  "properties"  of  the 
simple  model,  few  of  them  are  new.  Serious 
criticisms  of  the  concept  have  been  made  more 
often  scientists  than  by  whaling  and  fish- 
cries  administrators  despite  the  fact  that  MSY 
is  often  rclcrred  to  as  a  .scientifically  based 
management  objective  (see,  for  example,  Be- 
verton  and  Holt.  1957). 

The  MSY  and  the  population  which  will 
sustain  it  may  be,  and  variously  are,  defmed  in 
absolute  or  in  relative  terms.  Thus  MSY  cain  be 
expressed  as  a  multiple  (or  fraction)  of  the 
current  yield,  or  of  the  SY  from  a  population 
of  the  current  size  and  vice-versa.  The  MSY 
slodc  level  may  likewise  be  expressed  as  a 
number  or  as  a  fraction  (or  multiple)  of  the 
current  stock  level,  or  as  a  fraction  of  the  stock 
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level  before  exploitation  started.  This  latter 
statistic  is  of  iTuci.tl  importance  in  discussion 
of  whaling  rcguiaiions  because  series  of  data 
for  catch-per-unit-whaling  effort  are  often 
available,  and  these  are  assumed  to  indicate 
the  trend  of  stock  level  from  soon  after  the 
beginning  of  exploitation.  The  simplest  math- 
ematical model  based  on  the  logistic  curve  of 
population  growth,  gives  ;i  symmetrical 
parabolic  SY  to  population  curve,  so  that  the 
MSY  stock  level  is  hall  the  initial  level. 
Modified  models  give  skewed  curves,  usuaUy 
such  that  this  ratio  is  greater  than  0.5,  com- 
monly 0.7-0  8."  Others  give  curves,  .skew  or 
symmetrical,  which  are  more  llal-lopped  than 
the  parabola  (see  Appendfai  1).  The  existoice 
of  th  is  range  of  "plausible"  simple  models 
would  alone  make  the  level  for  MSY  difTicult 
to  identify,  either  in  absolute  or  relative 
terms,  but  there  are  other  difficulties. 

The  1974  IWC  decision  recognized  that 
"management  of  whale  stocks  should  also 
include  such  consideration  as  total  weight  of 
whales This  recognition  followed  presen- 
tation of  evidence  (Holt.  1974a)  that,  notwith- 
standing the  application  of  size  limits,  the 
average  size  of  each  species  and  sex  of  whales 
in  catches  has  declined  over  the  period  of 
intensive  exploitation.  One  expects  to  observe 
such  a  trend  especially  in  situations  where  the. 
exploited  animals  are  rather  long-lived,  and 
continue  to  grow  substantially  after  "recruit- 
ment", as  is  the  case  for  all  large  whales,  but 
especially  for  the  male  sperm  whale.  The  effect 
has  been  obscured  because  whales  are  not  eas- 
ily and  routinely  weighed;  their  lengths  are 
measured  and  mean  lengths  change  in  the 
same  direction  as  mean  weight  -  but  only  in 
proportion  to  the  cube  root  of  the  weight,  and 
hence  less  noticeably.  T  he  changes  are  in  any 
case  evident  in  the  statistics  for  oil  yield  per 
whale,  but  these  statistics  are  affected  also  by 
changes  in  the  relative  utilization  of  oil  and 


*  Kish  stocks,  nti  ihc  other  li.ind.  .irc  s;n<.l  iiktl'  ofu-ri  lo 
be  described  by  curves  skewed  the  other  way.  with  a  ratio 
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meat.  Although  there  is  some  resistance,  both 
among  whale  biologists  and  administrators,' 
to  the  regulation  of  whaling  to  maximize 
weights  ratho*  than  numbers,  the  whalmg 
industry  has  always  based  its  activities  and 
policies  on  consideration  of  quantities  (and 
hence  total  values)  of  products.  I  he  BWU  was 
based  on  relative  oil  yields  of  different  spedes 
and.  although  the  inter-specific  size  range  is 
wider  than  the  intra-specific  range,  the  latter  is 
not  neghgible.  In  the  fecial  case  of  sperm 
whales,  the  males  of  which  are  much  larger 
than  the  females  and  are  distinguishable  from 
them  before  capture,  the  calculation  of  total 
quotas  includes  a  "weighting  factor"  to  allow 
for  the  size  difference.* 

In  all  models  studied  the  curve  of  SY 
(weight)  agauist  population  size,  whether  the 
latter  is  expressed  in  number  or  weight,  is 
dcewed  to  the  right  relative  to  the  correspond- 
ing curve  of  SY  (number):  MSY  (weight)  cor- 
responds with  a  relatively  higher  stock  si/.e 
than  that  which  gives  MSY  (number).  The  SY 
(weight)  curve  is  also  generally  a  little  more 
flat-topped  than  the  curve  of  SY  (number). 
These  ditYerences  are  not  \cr\  iniportani  for 
the  baleen  whales  as  they  arc  at  present  ex- 
ploited '  but  they  are  significant  -  a  shift  in 
population  size  for  MSY  in  sperm  whales  of 
from  7  to  18  This  is  essentially  because  in 
sperm  whales  a  greater  proportion  of  ilie 
growth  in  wdght  occurs  after  "recruitmenf*; 
this  proportion  is  regulated  by  the  setting  of 
minimum  size  limits.  So,  if  the  catching  of 
whales  is  to  continue  to  be  regulated  on  the 
bans  of  MSY  calculations,  it  would  be  better 
from  all  points  of  view  to  aim  at  MSY  (weight) 
rather  than  MSY  (number).  Fhis  would  result 
in  higher  value  from  the  resources,  for  less 


'  One  reader  of  the  first  draft  of  this  paper  commented 
"xnnc  [H-opk'  vmII  not  ;igic-f  to  linnking  of  whales  as  meat- 
balls". Another  said  however,  "wc  should  not  think  of  whales 
«Dd  other  wiM  OMmnab  merety  as  statistics". 

*  Not  now  fi  e.,  since  1976). 

'  Except  perhaps  for  the  minke  whale,  for  which  no 
nuniimnnsiie  limit  has  beeacstaUUied  by  IWC.  27 
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whaling  effort,  and  higher  stock  levels  (see 

Appendix  3). 

MSY  has  commonly  been  referred  lo  in 
international  discussions  as  a  **biologically 
determined  criterion"  for  sound  resource  man- 
agement. This  is  misleading.  MSY  is  a 
function  at  least  of  the  sizes  of  animals  which 
first  become  liable  to  capture,  as  well  as  of  the 
population  size  as  determined  by  the  overall 
rate  of  exploitation.  Models  which  have  been 
applied  indicate  that  the  yield  in 
wci|ht->per-recniit  has  a  maximtun  for  a  finite 
fishing  mortality  rate  (Le.,  exploitation  rate 

F  +  M 

only  if  the  ratio  of  size  fweight)  at  first  capture 
to  final  size  is  less  than  a  critical  value 

"  (  3  +  M/K  )  ^ 

(Beverton  and  Holt,  1966).  The  catch,  if  all 
surviving  animals  are  caught  as  soon  as  they 
reach  that  critical  size,  is  theoretically  equal  to 
the  maximum  biomass  reached  natiually  by  a 
year-class  during  its  lifetime;  this  quantity 
may  have  some  biological  significance,  per- 
il^ because  the  ctitiail  size  may  bear  some 
lelationship  with  -  may  even  be  close  to  -  the 
mean  size  (and  age)  at  sexual  maturity  (Holt, 
1962).  But  where  -  as  in  whales  -  the  number 
of  recruits  is  dosefy  related  to  the  ntmibers  of 
parents  such  a  simple  interpretation  of  yield 
per  recruit  models  cannot  be  applied.  There 
could  perhaps  be  calculated  a  combination  of 
size  at  first  capture  and  exploitation  rate  (less 
than  1)  m  whales  which  would  predict  a  u- 
nique  MSY  for  each  stock;  unfortunately, 
models  in  which  a  simple  yield-per-recruit 
equation  is  combined  with  a  linearly  densi- 
ty-dependent reproduction  rate,  have  not  yet 
been  used  to  explore  this  possibility.  In  any 
case  it  is  sure  that: 

(a)    the  size  limits  for  whales  have  so  far  been 


set  by  the  IWC  without  any  reference  to 

such  models,  and 

(b)  calculations  of  curves  of  SY  against 
whale  stodc  size  have  always  "taken  as 
given''  the  size  at  recruitment,  equal  to 
the  size  limit  in  force,  if  any. 

Another  reason  why  MSY  should  not  be 
regarded  as  a  **biologicaI**  criterion  is  that 

since  the  logistic  curve  of  population  growth 
was  first  applied  in  the  way  outlined  above,  the 
argument  for  managing  a  fishery  so  as  to  hold 
the  stock  at  the  MSY  level  has  been  made, 
implicitly  or  explicitly,  in  terms  of  the  ejfi- 
ciency  of  the  catching  operation.  Thus,  if  the 
stock  is  reduced  and  held,  by  fishing,  below 
that  level  the  fishing  effort  is  being  "wasted'' 
because  the  same  catch  could  be  sustained  with 
less  effort  by  allowmg  the  stock  to  recover.  So 
MSY  stock  level  is  not  so  much  a  level  at  which 
to  aim  as  a  level  below  which  we  should  avoid 
going.  Furthermore,  once  the  idea  of  sustain- 
ed maximum  efficiency  is  introduced  there  is  no 
reason  to  prefer  the  MSY  level  to  any  other 
higher  level.  Graham  (1935,  1939)  argued  for 
restoring  overfished  stocks  to  the  MSY  level  or 
above,  not  to  increase  net  profits  but  to  allow 
the  same  fishermen  to  take  the  same  catch 
while  working  much  less  hard.'  Such  human* 
istic  views  have  been  unfashionable  for  some 
decades  but  the  time  may  be  ripe  to  reconsider 
and  develop  them,  '^erfishing'*  is  now  seen 
to  waste  not  only  the  working  lives  of  fisher* 
men.  but  also  the  limited  supply  of  non-re- 
newable resources  of  fuel  and  materials  which 
are  expended  m  seeking  and  capturing  fish  - 
and  wnales.  A  purely  economic  approach  to 
this  problem  has  not  been  fruitful  in  intema- 


*  The  benefit  of  efSdent  exploitation  lies  more  in 

economy  or efTort  than  in  increase  in  yield,  or  preservation  of 
future  Slocks,  though  both  of  these  purposes  may  aiso  be 
acmd". 
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(ional  affairs  but,  provided  we  arc  wary  of  the 
conseauences  ot  "aruflcial*'  price  structures 
and  or  high  disoount  rates,  sudi  an  approadi 
gives  some  insight  in  to  the  behaviour  of  the 
resource-exploitation  system  with  respect  to 
conservation.  Meanwhile,  our  economic  sys- 
tem, having  led  us  to  be  profligate  with 
non-renewable  resources,  is  now  leading  us  to 
"mine  the  biota"  too  fWoodwell.  1974). 

Curves  of  net  value  of  sustained  catch 
(i.e.,  \^ue  miniis  costs  <^  catching)  against 
stock  size  have  maxima  at  higher  stock  levels 
than  the  MSY  level  (Figs.  1  and  2).  Thus  in 
steady  slates  there  is  an  overall  economic 
advantage  in  holding  the  stodc  rather  higher 
than  the  MSY  level:  this  would  be  advanta- 
geous also  to  each  operating  unit  which  there 
by  obtains  a  higher  sustained  catch-per-unit  of 
effort  (Gulland,  1968;  C  hapman  et  aL  1965); 
(sec  also  Appendix  1).  fhis  idea  promised  to 
otfer  an  alternative  to  the  MSY  concept  as  an 
objective  of  fishery  management  when  it  was 
put  forward  by  Gordon  (1953),  Beverton  and 
Holt  (1956)  and  others.  Unfortimately: 

(a)  there  seems  no  way  to  get  intematbnal 
agreement  on  the  economic  criteria, 

particularly  before  there  is  agreement  on 
allocation  of  catches  among  partici- 
pants; and 

(b)  this  simple  economic  model  takes  no 
account  ol  discuunied  present  values  of 
future  catches. 

It  was  the  recognized  difficulty  if  not 
impossibility  -  of  getting  agreement  on  eco- 
nomic criteria  that  led  negotiations  before  the 
1958  Geneva  Conference  to  concentrate  on 
physical  measures  of  desirable  gross  yield,  the 
argument  being  that  to  aim  at  this  would  fa- 
vour the  more  etTicient  operators. Claik (1973) 
and  others  have  shown  that  for  resources  hav- 
ing net  growth  rates  of  the  order  found  m 
wmdes,  and  with  current  levels  of  discount 
rates,  attainment  of  an  economic  "optimum" 
may  not  require  sustained  harvesting  at  all 
(Appendix  5).  This  must  lead  us  to  examine 


the  roots  of  our  beliefs  concerning  the  "pro- 
per" harvesting  of  natural  renewable  re- 
sources. 

A  beginning  was  made,  as  far  a.s  marine 
(Ishcries  are  concerned.  h\  Rothschild  (1971) 
who,  however,  quotes  the  views  of  R.  Dorfman 
and  of  a  Panel  of  the  U.S.  Commission  on 
Marine  Science,  Engineering  and  Resources, 
to  the  effect  that  a  suitable  economic  goal 
might  be  the  attainment  of  "efficiency  involv- 
ing distribution  of  products  to  the  people  that 
need  them,  full  utilization  of  resources  and 
high  consideration  of  the  needs  of  the  consum- 
er". Rothschild  s  paper  is  concerned  more 
with  procedures  than  with  goals,  but  if  we  can 
agree  on  goals  his  approach  will  be  useful  in 
attaining  ihcm.  He  states  that  "conservation  of 
resources  is  essentially  an  allocative  process 
and  the  calculus  that  is  conventionally  used  in 
fisheries  is  not  a  powerful  technique  for  allo- 
cation". Unfortunately,  he  does  not  -  at  least 
in  the  paper  quoted  -  pursue  this  idea.  In 
particular,  he  does  not  identify  the  most  im- 
portant aspect  of  the  "allocative  process" 
involved  in  management  for  sustainable  yields 
—  diat  is,  the  allocation  of  benefits  as  between 
the  present  and  future  generations  of  produc- 
ers and  consumers.  He  does  suggest  that  in 
necessarily  "taking  a  broader  view  temporally 
as  well  as  spatially  of  fishery  management**  we 
should  seriously  engage  in  "technological  fore- 
casting". No  doubt  this  is  desirable,  and 
good  information  flow  within  the  sub-system 
**whales  and  vdiaUng**  and  from  outside  it, 
combined  with  intelligent  analysis  aimed  at 
predicting  as  well  as  evaluating  technological 
changes,  could  improve  management.''  The 


'  Scientific  advice  rejiardinj;  u  propuscd  rLs^ul.umn  ol 
li>.hiiii:  has  not  always  been  inadequuic  in  ihai.  .illhiuitih  ihe 
resource  is  treated  as  a  dynamic  system,  the  fishery  is  often 
treated  as  if  it  were  static.  For  example,  assessments  of  (he 
benefits  of  introducing  a  higher  size  limit  or  larger  size  of 
trawl  mesh  may  assume  that  Ibe  fishing  efforl  would  remain 
nacfaangai'  Yet,  to  itae  CKlent  ttiat  the  ptoposed  measure  is 
efTective  in  increasing  the  stock  size,  so  more  effort  woold  be 
attracted  into  ih.ii  llshcrN :  ii  is  ni>i  ililTiculi  lo  predict  approx- 
imately huw  much.  In  general.  I  believe  one  i&hould  assume  29 
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present  need  may,  however,  be  for  forecasting 
at  another  level  —  what  values  will  our  de- 
scendents  place  on  whales,  what  properties  will 
they  value,  how  will  they  view  matters  of  re- 
source ownership,  how  will  they  value  the 
ecosystem  of  which  the  whales  are  a  part;  what 
needs  will  they  feel  for  the  unique  products, 
if  any,  obtained  from  whales?  Just  as,  in  rela- 
tion io  technological  forecasting,  Rothschild, 
quotmg  J.R.  Bnght,  observed  that  ''a  radical 
new  technological  advance  is  more  viable  to 
stKiety  fust  in  written  words,  then  in  ...  more 
effective  material  forms,  long  before  il  achie- 
ves widespread  usage",  so  we  may  now  per- 
haps perceive  the  seeds  of  change  on  nAadk 
social  forecasting  could  be  based.  The  support, 
in  several  countries  and  from  many  quarters 
over  recent  years  for  the  movement  for  a  mo- 
ratorium on  commercial  whaling,  notwith- 
standing the  opposition  of  most  of  the  scient- 
ists concerned,'"  indicates  the  need  to  look,  as 
ecologists,  at  the  whole  in  order  to  compre- 
hend the  parts,  and  reminds  us  that  devnop- 
mcnt  of  resource  management  criteria  is  an 
ideological  and  general  problem,  rather  than 
merely  a  specialized  scientific  and  technical 
one.  Neverueless,  the  criteria  must  be  capable 
of  practical  application,  and  it  is  difTicult  to 
visu:ili/c  any  for  which  world  application 
would  not  involve  scientific  analysis. 

The  above  oommenls  on  the  «dstence  or 
otherwise  of  the  *'M*'  in  MSY  and  on  the  ap- 
propriate measure  of  the  "Y"  are  maybe  valid, 
but  they  are  not  new  (see  for  example,  among 
many  ottter  critical  puUications,  Oulland, 
1968).  Thty  are  abo  idathrefy  trivial;  the  con- 


that  when  one  aspect  of  the  bdusiry  is  re|uialed,  the  indvstiy 
will  always,  if  the  regulatioii  has  a  significant  eflfcct.  tend  to 
change  in  such  a  way  as  partially  to  negate  the  etTcct  This  has 
happened  several  limes  in  pelagic  whaling  -  reduced  quotas 
for  certain  species  as  they  become  deplcied  encourage  whal- 
ing on  regulated  species  so  that  the  total  wgUue  of 
cateh-pcr-unit  of  eflbrt  h  maintained  at  profiiabla  lawria. 

■0  S«|ipoclef>  of  •  flKMaiofinm  have  been  aociiMd  of 
tieing  emoHooaT  abont  whales.  Apart  fion  the  question  of 
whether  emotion  is  sinftil,  one  otMOvet  (hat  scientists  are  as 
liable  as  anyone  to  make  ideoli^;|aU  statements  when  they 
lUnk  they  am  giving  "icilyeclivi^  adcDtific  advice. 


cept  of  MSY  can  be  modified  to  accommodate 
them  -  at  least  in  theory  -  although  the  his- 
tory of  the  IWC  (and  of  some  other  interna- 
tional fishery  bodies)  shows  how  difQcult  it  is 
and  how  long  it  takes  to  get  acceptance  of  such 
innovations.  The  validity  of  the  "S"  in  MSY  is, 
however,  more  difRcult  to  appraise.  For  any 
level  of  yield  to  be  sustainable,  it  is  necessary 
for  the  net  rate  of  increase  of  stock  frecruit- 
ment  or  reproduction  plus  growth  minus  na- 
tural mortality,  all  expressed  as  a  ratio  to  pop- 
ulation size)  to  increase  with  decreasing  pop- 
ulation size,  and  vice-versa,  at  least  over 
some  range  of  population  size.  The  practice  in 
making  whale  stock  assessments  has  been  to 
assume  that  natural  mortality  is  not  age-spe- 
cific and  is  density  independent.  Thus  the 
density-dependence  is  sought  in  the  repro- 
duction (or  recruitment)  rate.  In  some  whale 
species  the  reproduction  rates  are  rather  better 
known  than  for  most  exploited  wild  animal 
stocks,  although  there  are  some  technical  pro- 
blems and  some  controversy  over  interpreta- 
tions." Reliable  information  about  the  chan- 
ges in  reproduction  rate  with  population  size 
or  density  is,  however,  scant  Such  changes  can 
be  inferred  firom  the  dianges  in  population 
structure  as  exploitation  proceeds;  Uiese  infer- 
ences, taken  with  estimates  of  maximum 
feasible  reproduction  rates  (percentage  preg- 
nancies, number  of  calves,  etc.)  have  led  to 
fairly  firm  statements  about  whether  a  certain 
catch  firom  a  mudi  reduced  stock  will  exceed 


' '  The  reader  is  rcremd  loCushing  (1974)  Tor  a  succinct 
descriptioo  of  the  problem  ia  maiine  fislieries.  He  identifies 
the  stack-iecniitmeiit  relationship  as  (he  central  pozzie  of 
fisheries  research,  and  states  diat  great  oollapses  of  'Mana- 
ged*' fisheries  "are  attribotahle  to  the  unstated  concept  that 
fishmg  could  continue  until  rLcruilmcnt  was  seen  to  fail.  Then 
failure  can  be  attnhutL  d  cuhcr  [,i  natural  causes  or  to  fishing: 
and  slocks  collap^^■^i  uhiic  s^  u-niisK  ilisjuMni  ihi-  jxissibili- 
lics".  He  adds  that  failure  of  "management"  has  been  no  less 
than  that  of  science.  As  in  many  other  situations  the  devil  is  in 
Ittt  "unstated  concepts"  as  well  as  in  acnne  of  the  stated  ones, 
such  as  The  best  regulation  offishitt|  is  to  have  it  ahme  until 
there  is  evidence  of  adverse  effects".  See  Oulland  (1971)  for  a 
ecncral  discussion  of  the  consequences  of  acting  on  such  null 
hypotbesea. 
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the  replacement  yidd,  Le^  whether  it  should 
lead  to  a  decline  or  increase  in  stock  in  the 
short  term.  Tests  of  such  predictions  have  not 
been  made  systematically.  In  theory,  sudi  tests 
should  be  easy  to  make  because  the  catches  are 
recorded,  and  good  effort  data  provide  mea- 
sures of  stock  abundance  (catch -per-unit  ef- 
foft).  In  practice,  given  the  likely  rate  of  dian- 
ge  in  a  whale  stock  -  or  even  the  maximum 
possible  rate,  when  a  depleted  stock  is  pro- 
tected -  the  abundance  estimates  are  too  var- 
iable. They  are  affected  by  the  fact  that  the 
whaling  eflfort  is  expended,  in  the  same  area 
and  period,  variably  on  several  species;  its  ef- 
fectiveness depends  on  the  weather,  and  its 
effidency  dianges  for  a  number  of  technolo> 
^ical  reasons,  few  of  which  have  been  taken 
mto  account.  The  abundance  estimates  could 
and  should  be  much  improved,  but  we  cannot 
expect  too  much  from  them  in  attempting  to 
measure  the  density  dependence  of  reproduc- 
tion or  in  testing  me  assumption  of  constant 
natural  mortality. 

In  recent  years  it  has  been  suggested, 
mainlv  on  the  basis  of  work  bv  R.  Gambell 
and  C.  Lockyer  on  fm  whales,  that  the  mech- 
anism of  density-dependence  is  in  the 
diange  of  growth  rate  in  young  animals  (re> 
suiting  from  density -caused  chimges  in  avail- 
able food )  which  leads  to  changes  in  the  age  of 
sexual  matunly.  This  hypothesis  -  with  suj)- 
porting  data  —  is  now  being  examined  criti- 
cally by  the  FAO/ ACMRR  Woiking  Party  on 
Marine  Mammals.  My  concern  here,  however, 
is  to  see  how  close  a  determmation  of  the  re- 
productive relationships  Inrings  us  to  under- 
standing of  the  MSY  problem.  This  is  exam- 
ined in  Appendix  4.  My  conclusion  is  that 
even  with  far  better  data  than  are  ever  avail- 
able for  wild  animal  populations  the  levd  of 
stock  corresponding  with  MSY  could  not  be 
determined  with  any  useful  accuracy,  al- 
though a  value  for  MSY  itself  mi^t  be 
inferred.  For  example,  Doi  (1973X  havmg  dis- 
cussed the  Antarctic  sei  whale,  "emphasizes 
that  it  is  jx)ssible  to  estimate  the  maximum 
sustainable  yield,  to  diagnose  the  population 
Status  and  to  determine  the  management 


course  judging  from  a  reproduction  curve**. 
Unfortunately,  this  is  not  so 

According  to  the  simple  idea  of  SY,  the 
net  rate  of  increase  should  be  zero  in  the  initial 
stock,  just  before  expIoitatk>n  starts.  But  this 
has  never  been  tested.  It  seems  to  me  quite 
possible  that  the  abundances  of  whale  stocks 
were  changing  in  the  period  before  intense 
exploitation,  and  that  tneir  population  struc- 
tures at  the  time  were,  therefore,  not  character- 
istic of  steady  states.  Such  changes  could  be 
cydic  or  long-term  trends,  and  related  to  cli- 
matic trends  and  cycles  or  other  "extemaP 
factors,  or  to  man's  previous  exploitation  of 
other  species.  Furthermore,  the  tactors  causing 
such  changes  could  tnuaUy  be  e3q|>ected  to 
continue  their  effects  after  exploitation  start- 
ed. The  existence  of  steady  slates  is  something 
to  be  tested,  not  assumed;  as  Bradley  (1972) 
has  written:  "In  a  world  of  dynamic  change,  it 
is  constancy,  not  stabiliQr,  that  requires  expla- 
nation". It  is  also  necessary,  for  example  by 
simulation,  to  examine  the  likely  errors  of  ap- 
plying steady-state  modek  to  real  situations  m 
which  the  stocks  might  have  been  dianging 
naturally. 

While  numerical  calculations  of  whale 
stodc  changes  have,  as  mentioned  in  section  7, 
induded  time  lags  between  birth  and  recruit- 
ment, little  account  has  been  taken  of  the  fun- 
damental properties  ot  models  in  which  such 
time  lags  have  been  mcorporated.  Thus,  Cook 
(1965),  May  (1973)  and  May  et  al.  (1974)  have 
shown  that  such  models,  even  variants  of  the 
simple  logistic,  display  steady  suites  under 
certain  conditions,  but  stable-limit  cycles, 
damped  oscillations  or  even  wild  behaviour 
under  other  conditions.  Marchessault,  Saila 
and  Palm  (1976)  have  recently  formulated  and 
examined  some  of  the  properties  of  a  simple 
model  incorporating  a  constant  recruitment 
delay,  and  applied  it  to  a  lobster  population. 
Their  model  is  very  close  to  the  one  which  is 
implidt  in  some  of  the  numerical  calculations 
for  whale  stocks.  The  modd  predicts  in  effect 
that  if  the  age  of  recruitment  (or  maturity)  is 
un^ferestimated  (in  the  lobster  apphcation  the 
cases  compared  are  actually  recruitment  at  5  31 
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years  and  at  0  years,  i.e.,  the  "delay"  model  is 
compared  with  the  simple  "instanianeous"  lo- 
gistic) the  amount  of  fishing  effort  required  to 
obtain  MSY  is  overestimated,  and  so  is  the 
MSY  itself.  Thus,  if  the  age  of  recruitment  is 
underesfimated,  scientific  advice  based  on  a 
delay-logistic  model  would  encourage  quite 
serious overexploitation,  whether  regulation  is 
by  effort  control  or  catch  quota.  Ihc  MSY 
stock  level  is  not  affected  by  the  lime  day, 
althoi^  it  must  always  be  borne  in  mind  that 
the  di£iy  model  predicts  the  relationship  be- 
tween sustainable  yield  and  recruited  or  mature 
stock,  not  the  total  stock.  The  relevance  of  this 
to  a  critique  of  whale  assessments  is  that  tiie 
age-detwminatioii,  and  benoe  estimation  of 
the  ages  at  recruitment  and  at  sexual  maturity 
and  full  reproductive  activity  has  been 
somewhat  controversial.  While  there  have  in 
recent  years  been  important  amendments  to 
the  age  determinations  from  ear-plug  rings, 
age  determination  for  some  toothed  and  baleen 
whales  are  not  yet  sure,  and  for  the  blue 
whales  there  are  practically  no  data,  since  they 
were  greatly  reduced  in  numbers  before  the 
ear-plug  method  was  invented. 

All  applications  of  the  MSY  concept 
have  assumed  reversibility  so  that  if  intensified 
whaling  "overshoots"  the  MSY  level  it  is  only 
necessary  to  reduce  the  intensity  sufficiently 
and  f<M'  long  enough  for  the  stock  to  recover.  It 
would  not  grow  back  along  the  sustained  yield 
curve,  but  would  approach  it  as  the  population 
structure  tended  to  the  steady-state  one,  at  an 
overall  rate  given  1^  the  assumed  linear  de- 
pendence of  net  increase  rate  on  total  stock 
abundance  or  density.  I  find  several  difficul- 
ties with  this  asjiumption.  Firstly,  a  has  been 
said  that  greatly  depleted  whale  stocks  have 
not  always  recovered  as  the  model  would  pre- 
dict (Talbot,  1974)'-  after  they  have  been  pro- 


It  is  diflkult  to  pin  down  the  facts  about  thi.s.  Gray 
whales  have  recovered:  humpt>acks  seem  to  have  increased  in 
some  arca.s;  right  whales  seem  at  least  to  be  holding  their  own 
in  the  SouCheni  Heoiqiheie.  We  do  not  koow  wnat  ig  bap- 
pcning  in  iiioM  CMCt,  became  sad)  d«l»  as  then  are  OB  rigpt- 
log*  ue  kiglhly  variable. 


tected  This  could  be  for  many  reasons:  be- 
cause there  have  been  small  permitted  catches 
of  the  same  order  of  magnitude  as  the  sus- 
tainable yield  of  the  depleted  stocks;  because 
the  models  may  be  erroneous  in  ignoring  a 
number  of  properties  of  the  populations,  apart 
from  their  age  structure  -  one  such  property  is 
social  structure,  disrupted  in  the  course  of  de- 
pletion; because  the  area  of  distribution  may 
contract  as  the  total  population  size  decreases, 
thus  tending  to  mamtain  higher  densities  — 
and  lower  net  increase  rates  -  than  the  simple 
model  would  predict  "  (  onsidcring  how  little 
is  yet  luiown  about  the  social  behaviour  of 
cetaceans  and  their  physical  capabilities,  it 
seems  possible  that  the  simple  stock  models 
could  lead  us  astray  in  our  quest  for  the  "real" 
MSY.  Perhaps  the  most  likely  reason  for 
non-recovery,  or  recovery  at  otli«'  than  the 
predicted  rate,  is  however  the  occupancy  of  an 
ecological  niche  by  a  competing  species  - 
perhaps  another  whale  species.  This  has  been 
snfgested  to  occnr  between  the  blue  and 
mwce  whales  and  the  fin  and  sei  whales. 

The  "S"  in  MSY  stands  not  for  sustained 
but  for  sustainable^  that  is,  it  specifies  a  future 
option:  if  we  do  certain  things  now,  someone 
else  can,  if  he  wishes,  take  certain  yields  in  the 
future.  If  he  does  not  —  the  model  implies  — 
the  "quality"  of  the  resource  will  deteriorate 
(the  stodc  will  grow  toward  its  asymptotic  size, 
and  in  doing  so  lose  some  of  its  "productivi- 
ty"). This  leads  to  the  idea  that  it  is  "benefi- 
dal"  for  a  stock  to  be  reduced,  by  harvesting, 
to  some  fraction  of  its  initial  size,  and  that  it  is 


"  In  this  ainnexion,  I  do  not  agree  with  Talbot'.s  (1974) 
general  chticttm  that  "^vfaat  is  luiowa'  of  the  populatioa  dy- 
namics of  whales  is  inferred  from  fish  and  other  animals".  It  is 
jnevitablc  that  niddfls  .md  ni-.'ttuHls  developed  in  one  field 
will  be  iipphcil  in  anoihcr;  in  lad.  however,  the  carlicsl  ap- 
plication of  the  "logLslic"  or  "sigmoid"  ninviL  l  w.i^  w.  v.h.iles 
(Hjort,  Jahn  and  Oltcstad.  193.^),  One  way  in  which  ihc  ap- 

Chcations  of  ''surplus  stock"  models  to  whaling  and  to  fishing 
ave  difTered  is  tnat  whereas  in  the  former  yield  is  expressed 
as  a  function  ofstock  size,  in  the  latter  it  is  treated  as  a  fliadkMi 
of  the  fiibiqg  moitalily  laie.  This  is  natty  only  a  maner  of 
style  but  it  does  set  the  mind  tm  a  diffiHCM  track  whan  consid- 
ering alieraative  managiement  actions. 
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wrong  to  "waste"  a  renewable  resource  by 
leaving  it  unharvested."  It  is  not,  however, 
reasonable  simply  to  assume  fliat  fiiture  gene- 
rations will  place  the  same  values  on  a  resource 
as  we  do.  This  cuts  both  ways:  one  IWC  dele- 
gate responding  to  an  argument  that  future 
generations  may  ''need"  food,  including  whale 
meat,  more  than  we  do,  said  that  thev  will 
decide  what  thev  need  and  how  to  get  it;  there- 
fore, why  should  we  give  pnoniy  to  leaving 
whales  in  the  sea?  Nevertheless;  the  implica- 
tions of  the  assumption  need  to  be  explored 
with  as  much  technological,  economic  and  so- 
cial forecasting  as  practicable,  hor  whaling, 
this  at  least  includes  looking  at  the  likely  avail* 
ability  of  similar  products  from  other  sources, 
the  relative  costs  of  fuel  (pelagic  whaling,  like 
distant-water  fishing,  involves  high  consump- 
tion of  non-renewable  energy  sources)  and  the 
evolution  of  human  dietar>  habits.  But  should 
we  not  go  further  and  iry  to  anticipate  quali- 
tatively new  'Values**  for  natural  nnesouices** 
whether  as  tourist  attractions,  unique  objects 
of  scientific  research,  companions  of  man. 
symbols  of  our  atonement  for  past  sins  against 
nature  or  other?  (Mclntyre,  1974).  Since  we 
can  glimpse  such  values  but  not  evaluate  them, 
our  present  actions  might  be  judged  in  terms  of 
the  number  of  future  options  they  leave  open, 
intuitively,  to  refrain  from  interference  now  is 
likely  to  leave  more  options  than  would  drastic 
interference.  Our  intuition  may  be  wrong; 
natural  processes  we  do  not  yet  understand 
may  remove  some  of  these  options  tomorrow; 
nevertheless,  faiUng  other  guidance,  wc  live 
each  day  as  if  tomorrow  will  come. 

So  the  MSY  criteria  could  be  judged  in 
terms  of  its  success  in  restraining  interference 
and  thus,  hopefully,  balancing  a  variety  of 


"  Tills  laucr  tiiei'Pr  has  oHen  been  iiuttkcd  in  fishery 
diKUSsions  hv  ihosc  who  wish  to  be  free  to  exploit  tlie  re- 
MMUces  ofl  the  uiasls  ofother  countries  which  do  not  have  the 
ledinical  or  camomic  capacity  to  exploit  them. 

*^  We  should  not  overlook  the  fact  that  values  have 
dunged  dfuticilfy  even  in  the  ncent  history  of  whaling.  It  is 
not  many  years  since  European  nation*  vahied  baleen  whales 
practically  only  for  their  oil,  or  for  Iheir  oQ  and  baleen  ptates. 


future  options  apainst  some  products  now.  In 
this  respect  it  scores  fairly  well,  although 
maxunizing  weights  rather  than  numbers, 
and  maximizing  sustainable  net  economic 
yield  would  be  better.  Suggested  alternative 
criteria  would  need  to  be  judged  against  these 
virtues  of  MSY.  If  we  beueve  that  man  has  a 
long  future  before  him  and  will  behave  no  teas 
wisely  in  future  than  now,  we  should  give  man 
weight  to  future  options  than  to  present  uses  — 
provided  that  those  uses  are  not  necessary  for 
human  survival  which,  in  the  case  of  whales, 
they  clearly  are  not. 

One  criticism  of  the  simple  stock  models 
is  that  ^ey  are  deterministic  rather  than  sio- 
chastic.  We  are  concerned  always  uith  the 
evaluation  of  risks,  and  risks  cannot  be  ex- 
pressed deterministically.  This  is  important  in 
the  application  of  models  to  fish  stocks  which 
fluctuate  greatly,  mainly  because  of  variability 
in  the  survival  of  young,  but  not  si)  much  to 
animals  which  bear  1  or  at  roost  2  young  at  a 
time  and  care  for  them,  and  in  which  the  nat- 
ural mortality  is  not  mainly  caused  by  preda- 
tion.'* 

The  1974  IWC  "decision**  concerns 
stocks,  not  species  of  whales.  Although  it 
seems  to  impose  an  operational  definition  of 
stoclLS  for  management  purposes,  that  delini- 
tion  is  apparently  tautological  and  the  discus- 
sion by  the  Scientific  Committee  continues  to 
be  concerned  with  the  identification  of  biolog- 
ically distinct  populations  and  with  the  de- 
gree, time  and  place  of  any  mixing  between 
them.  Knowledge  of  these  identities  and  pro- 
cesses is  still  very  scant,  and  as  far  as  the  mea- 
surement SY  and  the  kication  of  MSY  are 
concerned  the  practical  questions  are: 

(a)  what  may  be  wrong  with  regulating  the 
catdi  as  if  finom  a  single  stock  when  m 
reality  there  are  several  more  or  less 
separate  ones? 


**  Few  stochastic moddi have  been  formulated.  Except 
for  the  simple  case  of  exponential  growth  (Mann,  1973)  Ibcy 
are  matbeinalkially  complex.  33 
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(b)  what  mav  be  wrong  with  regulating  catch- 
es as  if  from  several  separate  stocks 
when  there  is  really  <»ily  1  (or  there  is 
substantial  mixing  between  several)? 

In  ca^e  (a)  we  can  be  sure  thai  the  yield  will 
<»ily  by  chance  be  the  sum  of  the  SYs  or  MSYs 

of  the  separate  stocks;  usually  some  stocks  will 
be  unwittingly  "overcxploited",  others  "under- 
exploited".  However,  ai  least  1  compensating 
mechanism  exists  in  the  whaling  operations.  If, 
for  example,  the  stocks  inhabit  different  (even 
if  overlapping)  areas  -  as  is  usually  assumed 
—  then  the  underexploitcd  ones  will  increase 
relative  to  the  overexploited  ones,  presumably 
become  more  dense,  and  thus  attract  relatively 
more  attention  from  whalers.  Such  compen- 
sation is,  however,  limited  by  the  fact  that  the 
attention  of  whalers  is  not  determined  solely  - 
or  even  mainly  —  by  those  densities:  in  partic- 
ular, they  are  simultaneously  seekm^  other 
spedes  of  whales.  One  way  of  reducmg  the 
risks  of  excessive  whaling  effort  on  (unrecog- 
nized) stocks  is  to  allocate  the  total  quota  by 
areas;  such  action  has  been  proposed  by  the 
IWC  Sdentiffe  Committee. 

It  may  be  noted  that  essentially  the  same 
problem  existed  with  the  BWll  in  the  Antarc- 
tic, and  was  the  strongest  reason  for  its  even- 
tual abolition.  One  might  ask  why  the  "com- 
pensating mechanism"  did  not  operate  to 
protect  the  blue  whale?  It  probably  did.  to  a 
certain  extent.  However,  given  a  certain  bio- 
mass  density  of  blue  whales  in  the  sea  and  an 
equal  density  of  fin  and  other  baleen  whales, 
the  whalers  who  are  permitted  to  take  a  certain 
catch  (in  BWU  or  total  weight)  prefer  to  chase 
and  capture  fewer  of  the  large  q>ecies  than 
more  of  the  smaller  ones.'* 


"  Gulland  pointed  out  (hat,  paradoxically,  thc 

BWU  —  at  the  very  time  ii  was  most  under  attack  as  a  con- 
scfvatton  mcMiiie  —  did  openle  io  'protect*'  ibe  fin  whale 
ivtative  to  the  sd  whale,  because  the  meat  fiom  3  ad  whales 

was  more  valuable  than  the  meat  from  I  fin  whale(BWU  «  1 

blue  =  2nn  =  6sei  =  2.1/2  humpbacks). 

'*  I.XLcpl  whc-n.  ,is  in  the  case  ot  sci  and  fin  whales  in 
the  BWU,  the  weighting  factor,  having  been  based  originally 


A  policy  of  dividing  up  a  total  quota  by 
areas  in  case  these  contam  different  stocks,  can 
lead  to  a  different  dassifkation  of  a  spedes, 
according  to  the  IWC  categories  This  is  true 
also  where  there  is  evidence  of  separate  stocks, 
but  if  -  as  IS  usually  the  case  -  there  are  no 
separate  measurements  of  their  parameters,  so 
that  to  all  of  them  are  applied  the  same  overall 
parameter  values,  then  the  same  species  might 
be  classified  in  one  area  as  "sustained  man- 
agement" and  in  another  area  as  '^protected". 
But  it  is  likely  that  in  the  former  area  the  spe- 
cies had  not  been  reduced  by  whaling  so  far 
below  its  initial  abundance  because  it  has  a 
lower  initial  abundance  m  that  area  and  thus 
attracted  less  effort;  nevertheless,  its  small  re- 
sidual number  may  be  less  able  to  sustain  a 
continuing  catch  than  in  the  other  area,  and  its 
veiy  existence  might  even  be  threatened  by 
continued  whaling.  This  and  related  problems 
have  led  £.  Mitchell  and  others  to  suggest  a 
rido'  to  the  1974  decision,  to  the  eflTect  mat  no 
stodc  should  be  reduced  to  a  level  at  which  its 
existence  is  threatened  or  from  which  it  is 
likelv  not  to  be  able  to  recover  even  if  it  were 
no  longer  exploited.  A  term  suggested  for 

.such  a  level  is  "minimum  .Tllowable  stock", 
defined  in  absolute,  not  relative,  terms.  Unfor- 
tunately, no  one  has  a  clear  idea  how  such  a 
number  could  be  estimated;  it  would  have  to' 
be  defined  probabilistically  and  in  relation  to 
transient  rather  than  steadv  stales,  and  there- 
fore cannot  be  regarded  as  another  point  on 
the  SY-siodc  curve.  Furthermore,  probabili- 
ties of  extinction  or  non-recovery  surely  also 
depend  on  population  properties  other  than 
number.  Neverihele.ss,  as  an  additional  crite- 
rion -  to  ensure  that  management  does  not 
restrain  the  (ncrall  impact  of  whaling  while 
permitting  qualitative  changes  in  the  ecosy- 
stems -  it  might  be  worth  cmisideration." 


on  relative  oil  yields,  is  quite  inappropriate  when  other  pro- 
perties become  more  bignly  valued  —  such  as  meat  quantity 
and  quality.  Decline  in  mean  size  of  intensely  exploited  spe- 
des aJso  iinhahinccd  the  weighting  factors. 

"  See  the  arguments  for  protection  of  blue  and  hump- 
back whales,  in  Chapman  er  al^  1964  -  Supplementaiy  Re- 
port. 
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A  oommon  approach  to  empirical  de- 
termination of  the  shape  of  a  single  species  SY 
curve  is  to  plot  estimates  of  net  increase  rate 
against  population  size,  fitting  a  straight  or 
curved  line  as  the  data  indicate,  or  some  va- 
riant of  this  procedure.  The  method  depends 
critically  c^n  measures  of  abundance  (or  den- 
sity) derived  from  catch-per-unii  elTorl  data, 
except  when,  rarely,  direct  measures  are 
a\'ailahlc.  c  <: .  from  siahtin^or  echo-survev-  In 
liaiuilinL'  such  data  the  attempt  is  usually 
made  to  dcfme  "effort"  such  that  it  is  strictly 
proportional  to  the  instantaneous  fishing 
mortality  coefficient.  In  particular,  trends  in 
efficiencv  (usually,  it  is  assumed,  increasing)  of 
fishing  units  must  be  allowed  for.  These  re- 
quire analyses  of  technological  factors  such  as 
vessel  si/e,  power,  and  search  and  catching 
equipment,  and  this  has  been  done,  partially, 
in  connexion  with  pelagic  whaling.  Physical 
factors  such  as  hours  of  daylight  and  weather 
are  also  important,  at  least  with  respect  to  the 
variability  of  the  elTective  effort,  but  also  in 
certain  circumstances  with  respect  to  trends. 
Thus,  changes  in  the  latitudinal  distribution  of 
Antarctic  pelagic  whaling  and  the  dales  of  the 
season,  which  are  related  to  changes  in  hours 
of  daylight  and  prevailing  summer  weather, 
have  not  yet  been  adequately  taken  into  ac- 
count in  whale  assessments.  However,  a  bigger 
problem,  which  has  certainly  not  so  far  been 
resolved,  is  how  to  apply  the  same  total  eflFort 
data  to  a  number  of  species  caught  concur- 
rentlv.  when  the  abundances  and  values  of 
individuals  of  those  species  show  differing 
trends  over  the  period  of  study.  To  the  extent 
that  the  geographical  distributions  of  the  var- 
ious species  differ,  the  problem  Is  partially 
resolved  by  calculating  catch-per-unit  effort 
area  by  area.  Much  more  could  be  done  if 
whaling  effort  figures  were  split  into  "search- 
ing time"  and  "capture  time"  but  such  infor- 
mation is  not  available.  Even  if  it  were  avail- 
able, tihe  dedsions  of  whalers,  which  are  man- 
ifest in  performance  data,  have  over  the  past 
40  years,  been  modulated  in  a  complex  way,  by 
changing  values  of  different  products  and  by 
the  existence  of  IWC  regulations  (such  as  pro- 


tection of  certain  species)  as  well  as  by  changes 
in  the  relative  abundances  and  sizes  of  the 
various  species  of  baleen  whales  and  of  the 
sperm  whale.  Thus,  the  calculated  trends  in 
abundance  of  each  species,  even  when  all 
practicable  adjustments  have  been  made,  must 
be  rather  uncertain.  This  remains  true  even 
where  calculations  take  account  of  whale 
sightings,  especially  when,  as  is  usually  the 
case,  the  sightings  used  arc  those  reported  by 
whaling  expeditions.^  It  may  well  be  that  the 
total  catch  (in  weight)  of  a// species,  per  unit 
adjusted  effort,  is  a  better  indication  of  whale 
biomass  than  the  catches-per-unit  effort  by 
species  are  of  species  abundances;  indeed. 
Beverton  and  Holt  (1957)  suggested  that  "pa- 
radoxically (the  Sigmoid  curve  method*)  is 
perhaps  most  satisfactory  when  applied  to  the 
behaviour  of  several  species  at  once,  or  even  of 
an  entire  community  as  done  by  Graham  and 
Baerends**.  Rough  application  to  the  data  of 
total  Antarctic  baleen  catch  in  weight-per-unit 
effort  indicates,  as  might  be  expected,  that 
these  stocks  are,  as  a  group,  far  below  the  level 
of  MSY  (Appendix  S). 

The  question  posed  above  of  managing  1 
stock  beheving  it  to  be  several,  is  a  special  case 
of  a  more  general  one,  which  is  now  assuming 
importance  in  the  IWC:  that  is,  how  are 
catches  to  be  regulated  if  different  species, 
simultaneously  hunted,  are  biologically 
interdependent?  It  is  tempting,  if  one  has  be- 
come used  to  tiunking  in  terms  of  steady- 
states,  to  construct  models  for  interdependent 
species  or  stocks,  to  give  an  SY  surface  of 
n  +  1  dimensions,  which  may  have  one  or 
more  peaks  on  it.  This  could  readily  be  done, 
leaving  us  only  H)  with  the  problem  of  esti- 
mating the  set  of  perhaps  n  (n  —  1)  parameters 

representing  the  interdependences.  Although 
it  would  be  mteresting  to  see  the  results  of  such 
a  theoretical  exercise,  I  think  it  unlikely  that 
such  a  multi-species  model  would  resemble 


^'  A  wry  tc  ceni  analysis  boih  of  sighiings  data  and  the 
division  of  ctlort  between  searching  and  catciuog  is  given  by 
Schwedcr,  1974.  35 
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reality.  Most  interactive  models  predict  cyclic 
population  behaviour,  as  in  the  simple  preda- 
tor-prey model  of  Volterra.^'  This  is  true  also  if 
the  common  prey  of  2  competing  pfedators  is 
treated  dynamically,  and  a  ?  element  model 
may  lead  —  at  best  —  to  predictions  of  cycles 
and  trends  to  which  the  MSY  concept  could 
not  be  applied.  This  will  not  help  us  decide 
whether  to  take  krill  out  of  the  Antarctic  or 
baleen  whales,  or  both  and  in  which  propor- 
tions, or  neither  (Bondar  and  Bobey,  1974). 
Nor  will  it  help  us  apfMoach  sperm  whaUng 
rationally  in  relation  to  possible  intensive  ex- 
ploitation of  ocean  squids  in  the  future.  Nor 
can  such  modelling  be  an  adequate  response  to 
those  who  have  suggested  that  perhaps  by  re- 
ducing drastically  the  number  of  minke  whales 
in  the  Antarctic  we  may  facilitate  the  more 
rapid  recovery,  under  protection,  of  one  of  its 
competitors,  the  blue  whale.  Present  knowl- 
edge  of  the  structure  and  behaviour  of  marine 
ecosystems  is  so  limited  that  the  analytical 
mechoik  of  populatbii  (^naniks  at  present 
give  poor  guidance  for  eco^tem  manage- 
ment. Recent  work  on  some  ecosystem  prop- 
erties such  as  "resilience"  and  "stability"  sus- 
tains some  hope  that  such  properties  will  be 
predictable  from  studies  of  the  major  compo- 
nents or  the  relations  between  these  (HoUing, 
1973)  but  we  are  far  from  being  able  to  apply 
such  understanding  to  marine  lesouite  man- 
agement. 

Another  approach  to  management  of 
marme  populations  and  ecosystems  might  be 
to  consider  the  flows  of  matoials  and  energy 

through  them.  Could  we  specify  a  safe  limit  to 
the  proporluni  <  t  the  total  biological  produc- 
tion or  biomas6  itiat  may  be  removed  (m  terms 
of  cunent  knowledgeX  with  the  pmviso  that 


^'  Renewed  interest  in  the  problem  of  estimating  the 
parameters  in  interactive  models  is  indicated  by  the  publica- 
tion, as  this  paper  was  being  revised,  by  Swatt  and  Biem- 
mennsnn  (ly7S|u  The  anthon  discim  the  best  tUmatitt,  and 
Iheir  en«fs»  for  puameters  of  a  lx>ika-Voliens  mtem,  and 
locistic  Bowlb  of  4  competing  spedsL  See  also  May  tt  of- 


the  pattern  of  removal  be  such  as  not  to  change 
the  ecosystem  qualitatively?  Or  can  studies  of 
metabolic  efficiency  help  det'ine  management 
objectives?  For  example,  it  has  been  suggested 
that  whales,  being  warm-blooded,  large  and 
long-lived,  may  be  biologically  efTicient  in  the 
sense  of  maintaining  stability  at  the  expense  of 
great  eneigy  consumption  for  maintenance, 
but  for  the  same  reasons  highly  inefficient  as 
intermediaries  for  man's  use  of  the  biological 
productivity  of  Antarctic  waters  (Steele,  1 974). 
we  would  need  to  take  into  account,  however, 
the  energy  required  to  gather  that  production, 
which  in  the  case  of  whales  conies  from  within 
the  system  and  in  our  case,  at  present,  from 
outside  it.  The  provisions  and  definitions  of 
the  U.S.  Marine  Mammal  Protection  Act  of 
1972  (see  summary  in  Appendix  6)  have,  as 
yet,  no  explicit  counterpart  in  international 
agreements.  Some  of  the  provisions  do  not 
seem  to  be  incompatible  with  possible 
interpretations  of  some  existing  conventions, 
nor  with  the  above  suggestions.  1  suggest  the 
following  interim  strategy  for  the  formulation 
of  improved  goals  in  the  man^ement  of  wild 
stocks: 

(a)  accept  the  concept  of  MSY-stock  level, 
not  as  a  sole  objective  but  as  a  lower 
bound  to  permissible  exploitation,  and 
as  part  of  a  multi-faceted  definition  of 
^^conservation";  in  setting  this  boimd 
take  account  of  the  great  uncertainty  of 
estimation  of  any  MSY  stock  level 
including  the  various  biases  noted  in  the 
preceding  sections; 

(b)  modily  the  yield  definitions  in  "conser- 
vative'* directions  —  e.g.,  by  weight 
rather  than  numbers,  net  yidd  rather 
than  gross  yield; 

(c)  calculate  MSY  of  stock  sand  species  sep- 
arately  and  in  combination,  and  select 
that  application  which  would  be  most 
"conservative".  (This  might  lead  to  the 
classification  of  all  the  Antarctic  baleen 
whales  as  "a  protection  stock**  in  terms 
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of  their  present  combined  hicimass  as  a 
fraction  of  their  "initial"  bioma^); 

(d)  test  the  assumption  of  initial  steady 

slates  and  applv  an  MSY  concept 
appropnalcly  modified  in  accordance 
with  indications  of  natural  trends  and 
cycles; 

(e)  examine  critically  the  application  of 
MSY  in  each  case  with  respect  to  pos- 
sible or  likely  options  of  future  uses  and 
values  of  the  resource:  predict,  as  well  as 
present  data  and  methods  permit,  rele- 
vant technical,  economic  and  social 
trends; 

(0  examine  each  appUcation  with  respect  to 
the  problems  of  providing  adequate 

scientific  advice  according  to  the  guide- 
lines given  by  ACMRR  (FAO,  1974); 

(g)  in  connexion  with  (0  above,  link  man- 
agement for  hi<.'h  sustainable  vields  with 
the  adequate  financing  of  research,  not 
only  on  the  populations  being  exploited 
but  on  the  ecosystems  of  which  they  are 
part,  as  well  as  on  the  properties  of 
whales,  other  than  those  for  which  they 
are  at  present  most  valued.  This  would 
ensure  that  present  beneficiaiies  are 
obliged  to  put  back  some  of  their  bene- 
fits not  only  to  improve  present  use  pal- 
tons  but  also  to  give  scientific  informa- 
tion relevant  to  future  options. 

It  may  be  dilUcult,  if  not  impossible,  to 
get  general  agreement  on  some  of  the  modifi- 
cations of  the  MSY  concept  outlined  above, 
particularly  the  criterion  ol  net  yield  rather 
than  gross  yield.  Operators  and  states  have 
been  unwilling  to  make  pubUc,  for  internation- 
al use,  any  economic  data  such  as  statistics  of 
costs  pertinent  to  this  matter.  This  problem  is 
tied  up  widi  the  question  of  resource  "owner- 
ship"; if  there  were  a  single  corporate  **owncf** 
(custodian  or  trustee)  of  the  whale  resources 
some  such  difliculties  could  be  resolved  (Gul- 


land.  1968b).  Furthermore,  nations  and  peo- 
ples who  do  not  at  present  exploit  the  resour- 
ces and  those  that  do  not  now  consume  the 
products,  will  presumabfy  give  a  relatively 
higher  value  to  future  options  than  do  the 
present  exploiters.  I  heir  interest  in  the  re- 
source should,  therefore,  be  supported,  since 
in  a  sense  they  might  act  as  agents,  in  the 
present,  on  behalf  of  the  future  generations 
both  of  man  and  whales."  I  his  is  one  reason 
why  the  present  UN  Conference  on  the  Law  of 
the  Sea,  in  which  practically  all  nations  are 
participating,  should  be  a  valid  forum  tor  the 
reconsideration  of  the  objectives  of  conserva- 
tion and  management  So  far,  in  the  prepara- 
toiy  work,  and  in  the  first  session,  attention  has 
been  focused  almost  entirely  on  the  question 
of  w  ho  gets  the  benefits,  and  this  is  seen  as  a 
matter  of  jurisdiction.  Equitable  allocation  is 
certainly  a  necessary  though  not  sufiicienl 
condition  for  realizing  long-term  benefits  from 
living  maruie  resources.-'  Junsdiction,  re- 
seardi,  international  advice,  and  apparently 
reasonable  conservation  measures,  did  not 


"  Cciologisis  also  arc  proicnlially  a  powerful  lohhy  for 
the  future,  at  least  when  the  continuation  ot  their  rcscareh 
does  not  depend  indirectly  or  direclly  on  the  pteiem  whaling 
industry  For  funding  or  mataub,  or  both.  Research  now 
needs  to  be  funded  with  future  values  in  mind;  it  is  difficult  to 
see  how  to  ensure  that  without  subslatiii.il  liinding  from 
inlcrnaiional  sources  (as  well  as  from  those  who  h.ive  proluod 
from  pa.st  and  present  exploitation)  both  lor  an  cvpanded 
programnie  and  for  continuing  some  current  activities. 

"  There  are  several  idcntinablc  valid  objectives  or 
grab  of  international  fisheries  managemeot,  loduding  opti* 
mizBtiaa  of  biological,  ectmomic  and  aodal  ykid.  None  oT 
these  goals  can  be  achieved,  however,  unless  there  exbts  a 

juri-sdictional  ba.se  for  management  permitting  authorities  to 
regulate  the  disposal  ofrcsources".  So  "ihc  overall  goal  should 
be  lo  ma">. .11 1  i.'f  opport unities  of  in.  1  r.  1. 1 1.  il  si;iil-s  .  i.  .n  li  tr vc 
benefiti.  Irnni  living  marine  resourct-v  '.M'.h  respect  lo  wnich 
they  have  exclusive  or  shared  niana^ic'iu m  iiL'tu.'"  (A.S.I.L.. 
1974).  No  hint  ot  a  "common  heritage"  here,  but  I  .suppose 
such  "  management  rights"  as  are  shared  by  all  states  would, 
collectively,  form  that  agreed  principle.  Unfortunately,  the 
valuable  stud^  auoted.  drawn  up  by  a  group  composed,  it 
aeenn.  exdinvcqr  of  tan/yea  iod  eooaoiniaii,  reveals  little 
awareness  of  the  snbileiies  of  tnarine  ecology  and  the  uncer- 
tainties and  difficulties  of  stock  prcilirliiinv  It  rircngnizcs. 
however,  that  present  research  and  scicnuiic  traiiung  clTorts 
lie  L{  iitc  inadequate  to  the  demands  arising  fiom  modem 
fi^huig  activities.  37 
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save  the  Peruvian  anchoveta  fisher)'  from  col- 
lapse. Antarctic  whaling  is  regulated,  national 
allocation  of  catches  are  made,  and  competi- 
tion is  regulated  within  partidpatiiig  nations  as 
well  as  between  them.  The  resources  have 
been  "appropriated"  -  if  only  temporarily  by 
present  participants  -  that  is,  in  effect,  if  not 
fonnally  by  the  elimination  of  other  competi- 
tors, by  possession  of  the  "veto"  in  the  IWC. 
and  by  the  reduction  of  stocks  to  levels  so  low 
that  it  is  in  the  interest  of  no  one  else  to  start 
whaling.  All  this  has  not  assured  a  future  for 
that  industr\'. 

Perhaps  the  problem  of  whale  manage- 
ment -  even  of  marine  fishery  management 
generally  is  one  of  the  sub-set  of  "insoluble" 
problems  identified  bv  Crowe  (1969).  There 
are  problems  relating  to  'the  commons",  con- 
cerning which  natural  scientists  **pass  techni- 
cally insoluble  problems  over  to  the  political 
and  social  realm  for  solution"  and  convcrselv. 
sodal  scientists,  seeing  no  political  solutions, 
defer  to  future  techniod  amnces.  Neverliie- 
less,  in  attempting  to  reformulate  international 
conservation  objectives,  fisher,  scientists  are 
acting  in  the  hope  that  the  political  problems 
will  not,  in  the  Ion  grun.  prove  completely 
insoluble.  I  doubt,  however,  if  they  can  con- 
struct viable  alternative  objectives  without 
incorporating  some  of  the  fmdings  of  other 
disdplines  —  some  such  as  general  ecology, 
dose  to  their  own;  cMhcrs  far  removed. 

It  is  perhaps  appropriate  to  close  this 
paper  with  2  quotations.  Bradley  (1973)  at- 
tempted to  **evo!ve  from  relevant  insights  in 
behavioural  theory',  economics  and  political 
studies  a  regulatory  system  similar  to  the  sys- 
tematic inter-relations  that  exist  in  the  eco- 
systems of  the  natural  environment**.  He 
obser\'cs  that; 

"In  the  past,  the  bclicl  persisted  that  an 
increased  technological  capacity  to  alter  the 
environment  brou^t  increased  control.  This 
belief,  far  from  dead,  is  a  manifest  delusion. 
First,  the  difficulty  in  devising  any  physical 
control  system  lies  not  only  with  generating 
enough  power  but  also  with  generating 
enough  of  the  proper  kinds  of  information. 


Since  the  en\  ironmental  resource  system  is  a 
system,  any  change  in  a  given  parameter  will 
have  niunerous,  unpredictable  repercussions 
throughout  the  system:  so  even  if  the  effect  of 
the  intervention  is  to  bring  under  control  the 
vanable  directly  afiected,  the  total  system  is 
likely  to  be  less  predictable  than  before,  while 
aH  the  learned  skills  based  on  the  former  given 
are  depreciated.  Further,  interventions  and  the 
further  interventions  to  which  their  unexpect- 
ed results  tend  to  lead,  are  likely  to  be 
self-multiplying.  The  rate  of  change  moeases 
at  an  accelerated  speed,  without  a  corre- 
spondmg  acceleration  m  the  rate  at  which  fur- 
ther responses  can  be  made;  and  this  brings 
ever  nearer  the  threshold  b^ond  which  con- 
trol is  lost". 

David  BeUa  (Bella,  1974;  Bella  and 
Overton,  1972)  has  expressed  more  briefly  a 
related  idea: 

"We  are  faced  with  an  environmental  predica- 
ment: our  ability  to  modify  the  environment 
increases  faster  than  our  ability  to  foresee  the 
effects  of  our  activities*',  and,  further,  **the 
most  significant  aspect  of  this  predicament 
may  be  our  inability  to  foresee  our  own  reac- 
tions to  the  actions  that  we  are  capable  of 
taking**. 
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In  this  paper  I  have  criticized  the  theory 
and  practice  of  fishery  science  as  applied  to 
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COOS^ation  of  living  marine  resources,  espe- 
cially whales.  My  intention  was  to  stimulate 
discussion  among  colleagues,  especially  at  the 
"MSY  Woiiohops"  at  Airlie,  Virginia,  for 
which  the  paper  was  primarily  written.  I  feU 
justified  in  taldng  a  critical  position  because  I 
have  been  involved  in,  and  a  party  to,  the 
fbrmiilatioii  of  sdeatific  advice  which  seems, 
in  retrospect,  not  always  as  good  as  it  might 
have  been. 

However,  it  must  be  said  that  "scientific 
advisers'*,  espedally  at  the  internadonal  level, 
labour  under  considerable  disadvantages. 
They  act  as  detectives,  not  only  of  the  proper- 
ties of  natural  systems  -  if  that  were  not  dif- 
ficult enough  -  but  also  of  the  behaviour  and 
intentions  of  the  industiy  th^  are  tiying  to 
assist. 

Information  about  the  economic  and 
other  considerations  which  determine  the  tac- 
tical deployment  of  pelagic  whaling  effort,  for 
example,  would  reveal  the  meanings  of 
abundance  indices  which  are  now  obscure. 
Many  of  the  mathematical  contortions  in 
which  we  engage  in  efforts  to  understand  the 
dynamics  of  natural  populations  and  ot  fish- 
eries are  necessary  not  so  much  because  of 
nature's  secrecy,  but  because  of  man's.  Scien- 
tific ad\isers  are  \oo  c^ften  expected,  collecti- 
vely, to  offer  economically  and  socially  mea- 
ningful advice,  while  denied  access  to  the 
kinds  of  information  on  which  operational 
decisions  are  based. 

Twelve  vears  after  the  desirability  of 
such  information  was  formally  recognized 
by  the  IWC,  its  Sdentific  Committee  could 
only  report  in  1975  lamelv.  "we  have  no 
information  on  this  aspect  at  present"  referr- 
ing to  economic  criteria  which  might  be  ap- 
plied 10  determine  an  "optunum"  manage* 
ment  policy. 

Uncertainty  lies  in  this  area  as  much  as 
in  our  understanding  of  ecosystems,  yet  it  need 
not.  Now,  however,  the  rules  of  the  game  do 
not  favour  the  future. 

In  revising  this  paper  for  publication,  I 
have  taken  into  account  some  of  the  points 
raised  in  the  Aiilie  Workshops. 


Relations  between  the  stock  levels  and  fuhing 

(whaling)  effort  for  MSY  and  those  for  ma.ximum  net 
yield,  "oommerdal"  extinction  and  "biological''  extino* 

lion. 

1.  In  the  simplest  model,  the  yield  curve  is  a  sym* 

metrical  parabola: 

Y-4P(1-P)  (Fig.  I) 

where  P  is  atodc  size,  as  a  fiaction  of  itticial  size 
(Pmsv  -  0.5) 

Y  is  sustainal^  yidd,  as  a  fiactioo  of  MSY. 

2.  Define  cost  of  whaling  to  maintain  a  given  Pas 

proportional  to  F.  the  fishing  mortality  coeffi- 
cient, which  is  in  turn  proportional  to  (1  -  P). 
Write  net  yield  as  y  =  Y  -  a  (1  -  P),  where  a  is 
the  ratio  of  the  cost  of  exerting  a  unit  of  effort  to 
the  value  of  a  unit  of  catch  The  curve  of  net  yield 
against  stock  size  has  a  maximum  at 
P,  «  OS  +  a/8. 

3.  Define  the  stock  level  for  zero  net  yield  tu  which 
the  unr^bied  induatiy  wjS  "natmal^  tend 
C^commercial  extinction so  that  the  yidd  at  the 

point,  Yo=  a(l  -Pq) 

but  Ya  -  4Po(I  -  ?^ 
so  tbat  a  —  4Po 

Hence  the  curve  of  net  yield  is  a  squeezed  and 
displaced  symmetrical  parabola  (Fig.  1),  with 
mMtifhiinT  at 

P.  2~" 

and  a  net  yield  at  that  levd  Of  y..,  •  1  -  P^ 
The  ratio 

y—    _    (I  -  Pq)' 
yim    "  1-2P." 

This  ratio  is  IM7  for  Pq  =  0.2,  for  example;  that 
is  the  maximum  net  vield  would  be  nearly  7  % 
greater  than  the  net  yield  at  MSY.  The  yield  at  the 
levelofy^itY  mi-9^m  a96ai  the  example,  39 
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so,  in  this  case,  if  one  were  prepared  to  accept  4  % 
leas  than  the  MSY,  one  could  gain  7  %  in  net  yield. 
This  would  be  obtained  with  only  (  I  -  Pq)  of  the 
effort  required  for  MSY,  i.e.,  20  %  less,  if  Po  =  02. 
(Seeabo6bek)w). 

4.    If  tlie  caich-per-unit  effort  is  proportional  to  P, 
then  we  have  the  following  rdntion 

qnieatMSY  ' 


and 


40 


i^iy=^  =0.5(1+1) 
le  at  yo  ^  Po' 

In  die  example  of  f-'ig.  1  the  gain  in  cp.u.e.  by 


cpue. 
cpue; 


noving  from  the  MSY  point  to  the  point  it 
20%. 

Sunilar  relations  are  found  for  modeb  in  whidi 

the  curve  of  sustainable  yield  against  slock  size  is 

asymmetrical  (see  7  below). 

In  general 

Pmw^Pi<0  -PQ)i*ifflv  +  Po 


That  is,  P|  is  always  greater  than  P^sy  by  an 
amount  somewhat  less  tiian 

IOO  Po(1/Pmsy  -  1)* 

Fig.  2  illustrates  a  situation  in  wfatcfa  IS  dia- 
piaced  16  %  to  the  right. 
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If  we  treat,  for  example,  all  Antarctic  baleen 

whales  as  a  single  "stock"  for  which  there  is  a 
unique  sustainable  yield  curve,  and  we  know  that 
whaling  continues  to  be  profitable  at  a  oenain 
stock  level,  we  can  readily  estimate  an  upper  limit 
for  the  amount  by  which  the  stock  for  maximum 
net  yield  would  be  above  that  for  MSY  (see  Ap- 
pendix 5). 

We  mav  further  deduce  what  stock  level,  P,  >  P|, 
will  give  an  SY  such  that  the  nel  yield  is  equal  (o 
that  which  would  be  obtained  at  MSY  level.  For 
the  symmetrical  parabola  this  is  0.5  +  P^.  In  our 
example  0.5  +  Po  -  0.7,  ix^  40%  h^her  than  at 
MSY.  The  SY  at  this  stock  level.  Yj.  is  (1  2Po) 
(1  +  2P(^,  in  the  example  0.84,  i.e..  16  %  less  than 
MSY,  but  the  catch<per*unit  effort  is  40  ft  higher. 


In  the  skew  yield  curve  or  Fig.  2,  P,  is  IS  ft  higher 
than  P^iv,  and  gives  a  nel  yield  2.5  %  higher  than 
at  MSY.  The  stock  that  will  give  the  same  net  yield 
as  at  MSY  is  23  ft  h%her  than  Pmsy  ;  tbe  gross  yield 
at  thallevel  is  a91  oTMSY,  Le.,  9  ft  less. 

Lastly,  note  that  for  the  symmclncal  parabola,  the 
SY  level  at  the  threshold  of  "commercial  extinc- 
tion" is  4Po  (I  -  Po)  of  MSY:  in  the  example  64  % 
of  MSY.  For  the  skew  curve  it  is  less  (50  %  of 
MSYX 

7.    Assume  the  curve  of  SY  agamst  P  can  be  repre- 
sented by  the  expresnon: 

Y  »  P(l  -  P-')/b  (e.g..  PeUa  and  Tomlmson, 
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The  cfTcci  of  skcwncss  on  deductions  concerning 
the  rclaiion  o(y^  lo  MSY  can  then  be  examined. 
In  the  above  equation,  as  n  increases  above  2  the 
SY  curve  becomes  skewed  increasin^y  io  the 
rigbL  This  curve  has  a  maximum  at 


(I) 


lAl-l 


/  n  -  I  \  _     n  —  1 
b  «  Pmsv  -  Pmsv  ~  Pmsy  V      7r~'  ~  _aA-l 


aiid|Nittuig,asbeibfe  Yiisy  a  1,  we  find 

n     I  \        n  -  1 
n    '  I? 

Now  writing 
y-Y-PoF 

gives 

y-(P-P,)(l  -P--')/b 
Define 


lY  has  a  maximuni  at  P|,  given  by  die  eqncaskm 
nP,-  '  =  Po(n  -  OP,'-'  +  1 
For  the  case  n  -  3  we  find 

P.  5  

ftom  which 


P|By 

and 


V3  V3 

3(Pi-Po)(l  -P.^) 
2<I/vTPo) 


The  following  table  summarizes  the  properties  of 
the  model  for  n  -  3  (A  "  -f  OAS),  for  various 
valneaofPo 

Po    Pmsv      Pi        Pj       Y,       Yj  ly™,, 

.1  .577  .612  .645  .994  .979  1.006 
2    iTf    .648    .716    .977    .907  1.033 


.3  .577  .686  .788  .944  .776  1.105 
.4  .577  .726  .863  .892  .572  1.304 
.5    .577    .768    .999    .818    .288  2.132 

8.  N  umencal  solutions  ior  a  range  of  other  values  of 
tt  and  Paaie  shown  gnphically  in  Fig.  3.  A  linear 
scale  is  used  for  an  index  of  dcewness: 

A-2P„„-1 

This  mdcx  is  zero  for  n  ~  2,  and  has  a  range  0  -»  1 
for  n  -  2  -*  oo  over  the  calculated  range 

P,~Pm5v  +  Po(1-Pm«). 

Suppose,  for  example,  MSY  is  thought  to  be  ob- 
tainable from  0.7  or  the  initial  stock;  the  curve  for 
n  "  6  would  be  appropriate.  Then,  for  Po  *  0l2, 
we  find  P,  -  a74,  that  is  5  %  higher  dian  Pun- 

At  that  stock  level  the  sustainable  yield  is  a990, 
ix..  1  %  leas  than  MSY.  and       »  IjOI. 

Lastly,  for  ,y  «  I  we  find  P|  -  a77  (10  %  higher 
dian  Pun)  and  Y  -  a964. 

9.  We  now  con.sider  the  changes  in  whahng  effhrt, 
corresponding  with  movements  along  the  SY  and 
Ycmves. 

If         Y.  =  FP 

dien      F  «  (1  -  P"-')/b 

and  specifically, 

Fmw  -  (t  -  Pi«v-yb 

It  is  convenient  to  define  effort,  f,  as  the  finction  or 
multiple  of  the  effort  whidi  is  iec|iiired  to  soslain 
MSY. 

so      r-  J- 


MSY 


In  the  context  of  this  paper,  three  critical  values  of 

f  may  be  calculated: 

f,  ^  0        leading  to  Y  =  0 

i.e.,  extinction  of  the  stock 

fni^Q      leading  lo  y  ~  0  Le.,  "commerdai 
extinction" 
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fi  leadmg  to 

Frooi  these  definilioos  we  have: 
f.=  l/(l-PMsv-  ')-n/n-l 
frojn  which 

Pmsy  =  (f.  -  l/f./=  ' 
<i -«.(!- P.'-') 
rad 

f, -f,(l  -P,"  ')-  n/n  -  1(1  ~  P,"  ') 

Values  of  these  are  plotted  in  Fif!  4  It  will  be  seen 
that  IhcorelicaUy  stuck  cxtincuun  uorrespunds 
with  an  effort  dovhfe  that  ghfii^  MSY  or  kM.  For 
the  moderately  skewed  SY  cur\'e  (n  =  3)  extinc- 
tion occurs  with  an  etTort  50  %  greater  than  for 
MSY*.  This  k  not  to  wofgaH  diat  we  any  plaoe 
any  reliability  on  this  deterministic  model  for 
predicting  what  is  essentially  a  probabihty;  the 
examplei  are  given  to  show  that  if  tfie  coive  of 
yield  against  slock  size  Is  skewed  to  the  right  then 
with  relatively  Utile  increase  in  efl'ort  beyond  what 
is  needed  to  obtain  MSY  die  stock  wilt  decline 
imdicr  pncipitoiisly* 

'XlOmmeidal  extinction'*  oocun,  of  oouise,  at 

lower  f  \alucs;  how  much  lower  Ls  sh<iwn  for  4 
values  of  P»  Fig.  4  also  shown  for  these  Pg  values, 
tlie  idMive  cffoct  f|  required  to  nupomiat  net 
yield. 

10.  For  n  <  2  the  yield  carves  are  negatively  skewed, 
as  appears  to  be  the  case  for  some  fish  stocks.  For 
n  *  1  the  expression  becomes  the  derivative  of 
the  weU-known  Oompem  growth  curve  (Fox, 
1970)aiidhasamaxiiBiiinatP-  l/c»0J68. 

11.  I  wiU  not  attempt  to  examine  here  the  implications 
of  departures  from  the  simple  assumptions  that 

value  and  costs  arc  proportional,  respectively,  to 
catch  and  to  effort.  One  direction  of  bias  is,  how- 
ever, wofth  notiiig,  as  it  may  appfy  to  any  ptac- 


'  But  a  model  which  gives  a  flnile  SY  for  P  •♦oo  is 
46     inuealisiic*  e.g..  Bell «  «£,  1973. 


ticallv  unique  product  from  whales,  for  example, 
sperm  oil.  In  such  a  case,  wc  expect  the  price  to 
vary  invenely  widi  the  pvodnction.  Then  we  find: 

(a)  given  by  higher  stock  levels  than 
would  be  deduced  from  the  constant  price 
modd;  and 

(b)  'loommeraalcxtinolion'' is  delayed  as  effort 
increases  and  ^  -»  f^. 


Afpendlx  2 


DECISION  OF  IHE  1974  ANNUAL  MEET- 
INGOFIWC 

"The  International  Whaling  Coomiiasioii 
Noting  that  whale  stocks  are  a  oommon  concern  to 

mankind 

Concerned  ihal  some  species  of  great  whales  are  at  pres- 
ent considerably  depleted  below  their  optimum  popu- 
hiltoo  levels 

Recalling  that  the  historic  decline  in  whale  populations 
occurred  not  only  because  of  excessive  exptoitatton,  but 
also  because  kfuwdedge  was  ioadequate  to  protect  the 
species 

Motivated  h\  the  need  to  preser\  e  and  enhance  whale 
stocks  as  a  resource  for  future  use  when  food  needs  of 
the  wofM  will  be  greater  because  increased  human 
population  and  hv  the  need  to  maintain  marine  ecosys- 
tems in  a  well-balanced  condition  capable  of  high 
productiviQr 

T<Uang  into  consideration  the  long-range  interests  of  the 
consumen  of  whale  products  and  of  the  whalh^ 
mdnsliy  as  died  in  Aftkle  V.  2  of  the  COovciitiasi,  and 

ReeopibUtg  that  die  management  of  whale  stocks 
should  be  bxsed  not  only  on  the  concepts  of  maximum 
sustainable  yield  in  numbers  by  species,  but  should  also 
include  such  oonsideiations  a*  total  weight  of  adialet 
and  interactions  between  afiecies  m  die  marine  cooqfS> 
tern. 

Decides  that 

1.    It  shall  chuisify  all  stodu  of  whales  into  one  of 
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three  categories  according  to  the  advice  of  the 

Scienlific  Commiuee. 

(a)  Initial  management  slocks  w  hich  may  be  re- 
duced in  a  controlled  manner  to  achieve 
MSY  levds  or  optimmii  levels  as  these  are 
detennined; 

(b)  Sustained  management  stocks  which  should 

be  maintained  at  or  near  MSY  levels  and 
then  at  optimum  levels  as  these  are  deter- 
mined; 

(c)  Protection  stocks,  which  are  below  the  level 
of  '^■ustaiiied  management  stodts**  as  de- 
scribed m  (b),  which  should  be  fiiUy  protect- 
ed. 

2.  The  Committee  should  deflne  stocks  for  this  pur- 
pose, as  the  units  which  can  be  most  effectively 

managed  individually. 

(a)  Commercial  whaling  shall  be  pcmiiiicU  on 
''Initial  Management  Stocks"  sab|ect  to  the 
advice  of  the  Scientific  Committee  as  to 
measures  necessary  to  bring  the  stocks  to  the 
MSY  level  and  then  opttmum  level  in  an 

crTicicnt  manner  and  without  fidC  OflCdllO- 

ing  them  below  this  leveL 

(b)  Commercial  whaling  shall  be  permitted  on 
**Sustained  Management  Stocks"  subject  to 
the  advice  of  the  Scientific  Committee. 

(c)  There  shall  be  no  commercial  whaling  on 
species  or  stocks  classified  as  "Protection 
Stocks"  including  those  species  Usted  for  full 
protection  in  the  cunent  schedule. 

3.  Abo  decides  to  implement  this  resolutuin  by 

(a)  Requesting  the  Scientific  Committee  to 

provide  advice  on  the  criteria  which  should 
be  used  in  defining  categories  of  whale 

Stocks  which  should  be  treated  as  in  Section 

I  above,  this  advice  to  be  provided  as  soon 
as  possible  with  a  view  to  its  incorporation  in 
the  Sdiedule. 

(b)  Directing  the  Scientific  Committee  to  ar- 
range to  provide  the  Commission  with  an- 
nually updated  advice  on  these  criteria  and 
on  the  allocation  of  stocks  to  the  categories. 


(c)  Making  all  necessary  amendments  to  the 
Schedule  not  later  than  the  27th  meeting  of 
the  Commiasion''. 


Appendix  3 


(From  background  paper  it)  Airlic  Workshop) 
NUMBER  OR  WEIGHTS? 

Prom  the  tables  of  yidd  Ainetionsaf  Bevertoo  and 

Holt  (1966)  may  be  derived  the  mean  weights  of  indi- 
viduals in  the  catch,  as  a  function  of  the  size  at  recruit- 
ment (relative  to  final  size)  of  the  exploitation  rate,  E, 
and  of  the  ratio  of  the  natural  mortality  coefficient  to 
the  growth  parameter,  K.  These  mean  weights  can  be 
expressed  reUtive  to,  for  example,  the  mitial  mean 
weight  (i.e..  for  H  •  Oi  or  the  mean  weight  for  a  value 
of  E  corresponding  with  the  effort  required  to  give  MSY 
in  aooordanoe  with  the  logistic  or  other  model.  In  giene- 
rai,  the  fbrmer  are  more  useful,  since  the  relative dedine 
in  mean  size  can  readily  be  observed  as  exploitation 
intensifies:  for  our  present  purpose  the  latter  is,  howe- 
ver, preferable. 

Taking  the  Antarctic  fin  whale  as  an  example, 
parameter  values  used  by  Allen  (1974)  are 

M  =  0.04 

K  -  0.26  from  which  M/K  -  0.15 
C  (ratio  of  length  at  recruitment  to  final 
length)  -  as 

Hie  required  values  of  mean  weight  may  be  obtained  by 
mteipolating  ui  the  tables  for 

M/K  -  0.25  and  M/K  -  0 


and  are  summarized  below: 


p 

Y 

W 

YX  W 

f 

0.05 

1.0000 

1 

1.000 

1 

0.51 

.9996 

1.0022 

1.0018 

.98 

0.52 

.9984 

1.0045 

1.0029 

.% 

0.53 

.9964 

1.0067 

1.0031 

.94 

0.54 

1.0089 

1.0025 

.92 

0,55 

.9900 

1.0112 

1.0011 

.90 

0.56 

.9856 

1.0134 

0.9988 

.88 

0_58 

.9744 

1.0179 

0.9918 

.84 

0.68 

.8704 

1.0303 

0.8968 

.64 
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So,  although  there  would  not  be  much  gain  in 
sustainable  yield  of  products  by  maximizing  weight 
rather  than  numbers  caughi  (less  than  1  f ).  the  weight 
maximum  could  be  oblamed  with  6  %  less  eilori  than 
MSY  (nuinber).  Further,  the  same  total  wei^t  as  fliat 
obtained  from  MSY  (number)  could  be  sustained  with 
12  %  less  eflort  Calculatkm  shows  that  a  sustainable 
catch  ofonly  1  %  less  than  MSY  (weight)  could  be  taken 
with  16  %  less  effort  than  needed  to  take  MSY  (num- 
ber); and  10  %  less  with  36  %  less  eObrt.  With  further 
decreasing  effort  the  catch  falls  rapidly.  So,  if  fin  whales 
were  considered  in  ist)Iaii()n,  the  net  economic  yield 
(discount  rate  zero)  would  probably  be  obtained  in  the 
legion  of  P  «  0.7,  f  «  0.6. 

The  above  calculations  have  been  made  assum- 
ing, as  Alien  did,  that  the  curve  of  sustained  yield  in 
numbers  is  symmetrical.  If  Pmsy  ~  0.6  as  Obsumi  as- 
sumed (n  «  3.6),  the  same  calculations  can  be  made 
and  the  estimates  of  relative  losses  and  benefits  are  of 
the  same  order.  The  SY  (weiylii)  curve  is  not  only 
skewed  slightly  to  the  right  of  the  SY  (number)  curve 
but  it  is  slightly  flatter  in  the  region  of  its  maximum,  so 
that  one  could  afford  to  keep  the  stuck  relatively  rather 
large  widioot  risk  of  forfeiting  catch. 

This  suggests  that  apart  from  permitting  depletfd 
stocks  to  recover  more  than  the  MSY  (number)  poUcy 
would  alkm,  it  would  be  wise,  fiom  bodi  biological  and 
economic  points  of  view,  if  any  "controlled  reduction" 
of  ''initial  management  stocks"  of,  for  example,  minke 
whales,  wcfe  tfanitad  to,  any  75  %  of  die  initial  alodc  sin. 
But  even  the  MSY  (weight)  ofminke  whales  may  not  be 
enough  to  pay  for  the  costs  of  catching  them,  if  they 
ahme  are  caa^t  Thus  it  wo«dd  be  belter  not  to  redooe 
these  stocks,  at  least  until  the  stocks  of  depleted  spedes 
have  had  a  chance  to  recover.  Otherwise  there  is  bound 
to  be  a  virtually  ovcnrhebning  economic  incentive  to 
take  catches  increasingly  exceeding'  the  sustainable 
yield  as  the  stock  density  declines,  with  serious  danger 
of  lovershooting"  even  die  MSY  (number)  level. 

Any  steady-state  mean  weight  will,  if  exploitation 
is  unselective  above  the  minimum  legal  size,  be  reached 
only  alter  a  transient  period.  In  whaling,  however,  it 
appears  there  is,  at  least  initially,  some  selection  in  fa- 
vour of  larger  individuals.  These  2  factors  work  in  op- 
posile  directions,  but  do  not  necessarily  "cancel  out". 
Bearing  in  mind  these  uncertainties,  the  changes  in 
mean  weight  which  the  yield  tables  predict  in  relation  to 
the  rate  of  exploitation  are  of  the  same  order  of  magni- 
tude as  those  observed  in  the  Antarctic  baleen  whales. 
I  he  male  sperm  whales  of  the  southern  hemisphere 
seem,  however,  to  have  declined  in  mean  size  more  than 
would  be  expected,  but  no  more  than  could  be  ae- 
oounied  for  by  selective  captnie  of  laiger  individuals. 


Appendix  4 

In  the  process  of  assessing  whale  stocks,  as  with 
fish,  one  exammcs  "reproductive  relationships".  By  this 
is  nsoally  meant  the  determination  of  a  curve  tehiting 
the  total  niimhers  of  animals,  or  of  the  mature  animals, 
to  the  numbers  of  recruits  derived  from  them;  this  is 
referred  to  in  the  literature  of  fishery  science  as  die 
*l8tock  recruitment  problem".  Since  the  assessment  of 
whale  slocks  is  mainly  a  matter  of  csiimaimg  and  pre- 
dicting numbers,  a  knowledge  of  the  reproducthre  rela* 
tionship  in  each  species  and  stock  should  permit  calcu- 
lation of  limiting  values  of  sustainable  yield  and  even 
the  order  of  magnitude  of  MSY,  provided  we  are  con- 
tent to  assume  that  the  natural  mortality  is  not  also 
density  dependent  What  Ls  not  generally  realized  is  how 
precise  this  knowledge  would  need  to  be  for  predicting 
the  MSY  stock  level  with  usefal  accuiacv  I  hus  very 
closely  similar  stock  recruit  curves  can  lead  to  widely 
diffcnng  conclusions  as  to  the  level  of  stock,  relative  to 
Initial"  stock  size,  which  will  give  MSY.  This  is  illus- 
trated in  Fie.  5. 

In  Fig.  5a  are  shown  2  stock  recruit  curves.  The 
scales  and  parametefs  ofdiese  are  adjusted  so  that  the 
number  of  recruits  each  predicts  for  the  uncxploited  j 
stock  (P  -  1)  and  a  stock  half  that  level  (F  =  0.5)  are 
the  same;  recruitmeat  flrom  P  «  0.5  is  assumed  to  be 
three  tjiiartcrs  of  that  from  P  =  1.  Curve  A  represents 
the  expression  1/R  =  a  -i-  b/P  which  has  been  com- 
monly ditcusicd  in  the  lilcfature  (e.g..  the  Report  of  the 
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IWC  Committee  of  Four  Scientists).  It  is  asymptotic  lo  a 
fdative  vilue  R  «>  1.5. 

Coive  B  icpfcsenls  th«  acpteaion 

R-P(I.66  -  0.66P») 

This  is  the  function  which  may  be  deduced  from 
the  yield  model  ilhistrated  in  Fig  2  (i.e.,  n  3)  if  the 
natural  mortality  coefficient  is  assumed  to  be  constant, 
independent  of  density.  This  function  happens  to  have  a 
maximum  at  P  =  0.91.  Thereafter,  recruitment  is  pre- 
dicted to  decline,  reaching  zero  at  a  theoretical  siodL 
level  58  %  bipper  th;in  the  "rt-al"  range  O  <  P  <  I. 

The  cuiA  c  lor  ihc  runclion  a)i  i cspoiidiiig  with  the 
qnnmetrical  logistic  with  ooostant  M  (R  =  2P  -  is 
not  shown:  it  lies  between  curves  A  and  R,  has  a  maxi- 
mum at  F  «  1  and  reaches  R  »  O  at  P  =  2.  1  do  not 
know  of  data  fbr  any  marine  animafe  which  would  allow 
one  to  discriminate  helwcen  cun  es  \  and  R 

Fig.  5b  shows  the  corresponding  yield  curves. 
Curve  B  is  the  same  as  in  Fig.  2  except  that  the  vertical 
scale  is  adjusted  so  that  SY  =  1  for  P  =  0.5.  The  verti- 
cal scale  of  Curve  A  is  similarly  adjusted.  The  sustained 
yield  is,  ftom  the  definition  of  the  slock  recniitmcnt 
curves,  the  same  in  all  cases  —  including  fbr  the  sym- 
metrical logistic  -  at  P  -  OJ. 
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It  is  evident  that  the  MSY  predicted  from  A  is 
7.2  %  higher  than  that  predicted  ftom  the  logistic;  MSY 
for  B  is  2.6  %  higher.  Given  similar  stock  recruitment 
curves  the  MSY  cannot  alter  much.  MSY  is  obtained, 
however,  from  very  different  stodt  levels  —  0.37  for  case 
A  and,  of  course,  0.58  for  case  B.  The  initial  stock  sizes 
and  the  SY  at  half  initial  stock  are  the  same  in  all  cases, 
yet  the  MSY  stock  levels  differ  over  a  range  ±'iS%. 
Real  data  would  not  permit  even  that  poor  degree  of 
discrimination.  TTiese  differences  would  be  foreseen  if  it 
were  possible  to  calculate  r  ^  R/P  or  better  (r  -  M), 
and  plot  it,  rather  than  R,  against  P.  The  graph  for  case 
A  is  strongly  concave  upward,  having,  at  P  =  0.5  a 
value  of  (r  -  M)  =  OJIS  of  the  maximum  (r  -  M)  for 
P  -  0  (Fig.  Sc).  The  range  ofdiange  of  r  between  P  —  1 
and  P  =  0  is  also  different:  3-fold  in  case  A,  1.66  times 
in  case  B,  and  2  times  in  the  case  of  logistic  Yet  over  the 
critical  nngp  whicb  might  be  obseived,  say 
0  3  <  P  <  0l7,  the  r  values  differ  onfy  fay,  at  most, 
about  5  %. 

From  this  I  think  one  must  oondnde  that  a  calcu- 
lated value  of  stock  level  for  MSY  depends  practically 
entirefy  on  the  particular  funt^on  used  to  "smooth"  the 
data.  Furthermore,  when  data  are  highly  variable  one  is 
tempted  to  decide  that  the  only  reasonable  line  to  draw 
through  them  is  a  straight  one.  This  procedure  is 
sufficient  to  lead  to  a  particular  MSY  level;  to 
Fmsy  =  0.5  if  the  data  analysis  involves,  imfriidtly  or 
explicitly,  a  regression  of  estimates  of  (r  -  M)  on 
estimates  of  P.  In  fact,  if  an  exploited  whale  stuck 
became  stabOized  at  about  half  its  initial  size  it  would  be 
practically  impossible  to  predict  whether  the  stock 
should  be  allowed  to  increase,  or  reduced  still  further  in 
order  to  obtain  MSY.  Only  an  experimental  appntadi  49 
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to  the  problem  would  reveal  this,  but  cither  w:iv  the  gain 
in  sustained  yield  would  be  diflicult  to  detecL  Since 
theie  are  other  advantafes  in  taking  a  given  lostained 
yield  from  a  larger  rather  than  from  a  smaller  stock  it  Ls 
dearly  better  to  graduate  recruit  stock  data,  using 
arfntraiy  flindfawn,  wMi  functions  more  like  B  titan  A. 

Data  for  some  fish  Mocks  suggest  n  cimcave 
(r  -  M)  curve,  and  for  some  mammals,  including  the 
southern  hemisphere  fin  whale,  a  convex  ranve.  I  dio  not 
know  of  data  iat  tMfcAa  large  whales,  but  it  seems 
reasonable  to  assume,  pending  evidence  to  the  contrary, 
that  for  these  mammals  an  MSY  stock  level  would  be 
grenier  tliaa  half  tiie  initial  miinbers.  There  are  2  -  at 
least  —  important  questions  concerning  the  approach  to 
managing  these  slocks  to  obtain  MSY.  The  first  is  "how 
much  greater  tium  halfT.  The  second  is  how  can  one 
determine  this  in  a  lightly  exploited  stock.  To  examine 
these  questions,  focus  auention  on  the  bottom 
ri^t>luuid  comer  of  Pig.  Sc-'Bear  in  mind  that  the  scale 
of  (r  M)  is  the  .same  as  the  .scale  of  the  whaling^^^ 
which  is  required  to  stabilize  the  stock  at  any  given  leveL 
This  is  Bhistnited  on  Ae  lig^t-hand  side  of  Pig.  5c 
showing  the  effort,  f.  on  scales  such  that  f  =  1  for  the 
level  of  MSY.  At  the  top  of  these  scales  are  shown  the 
le«ds  off,  refauive  to  that  needed  to  obtam  MSY,  whk:h. 
^mabitained,  lead  to  extinction  of  the  population.  Of 
course,  in  practice,  such  levels  would  not,  for  economic 
reasons,  be  maintained,  except  possibly  if  a  depleted 
species  or  stock  were  left  unprotected  while  whaling 
continued  on  more  abundant  iptdia  or  stocks  in  the 
same  region. 

The  slope  of  the  (r  —  M)  ooive  near  the  initial 
state  determines  the  possible  range  of  the  MSY  stock 
leveL  In  the  example,  tliat  slope  for  curve  B  is  -  2. 
Whatever  tlie  exact  diape  of  audi  m  cnrve  (provided  its 
slope  changes  mondooically)  the  MSY  level  ia  between 
0.5and0.7S. 

If  tlie  slope  at  the  bottom  righdiand  corner  were, 
say  -  3,  we  could  establish  that  MSY  level  is  in  the 
range  0.67  -  0.83,  and  so  on.  In  general,  the  upper  limit 
ofMSY  slock  lewd,  fiw  convex  duves,  is  2  OiS/Slope. 
The  tower  limil  is  cither  as  or  1  +  l/Saopc,  whkbever 
is  higher. 

Two  measures  are  sufiicient  to  locate  the  stock 
status  on  the  diagram.  That  is  to  say,  if  one  had  an  uidex 

of  initial  stock  abundance,  and  the  ratio  between  the 
whaling  efforts  which  stabilize  the  stock  at  2  levek 
sbmewhat  below  the  initial  level,  a  fintt  estimaie  of  the 
i  of  the  M.SY  level  is  pos-siblc,  at  least  in  theory. 
At  ftrst  glance  it  might  seem  worth  exploring  the 
application  of  such  an  appamU  bi  piictioe,  different 
kinds  of  infiwmation  m^t  be  combined  and  one 


should  be  able  to  make  analyses  which  do  not  require 
waiting  for  stabilization,  provided  that  the  age  compo- 
sitions of  the  catches  are  known.  The  basic  requirement 
would  be  good  and  prompt  measures  of  the  changing 
stock  size  from  sightings  and  effort.  However,  the 
discrepancies  noted  in  estimates  by  difTcrent  methods 
used  so  far  suggest  tliat  methods  are  not  yet  adequate 
for  this  purpose. 


THE  CONSEQUENCtS  Oh  DISCOUNTING 
PRESENT  VALUES  OF  FUTURE  CATCHES 

In  the  model  given  m  Appendix  1,  paras.  2  and  3, 
the  discount  rate,  d,  is  zero.  Clark  (1973)  has  iHed  the 

same  basic  model  (a  symmetrical,  parabolic  vield  curve, 
and  constant  price,  and  costs  per  unit  efl'ort )  to  study  the 
consequence  of  d  ^  0. 

When  d  -oo,  then  P,  -» 

The  economically  optimal  stock  level,  P,^  for  any 
given  discount  rate  is,  from  Clark  (1974) 

P«,  -  M  (l+Pg-db-l-  V(l  i-Po-<lb)*+8P(4bI 

This  shows  ttat  the  "economic  optimum*  lies 
somewhere  between  the  rent-dissipating  common  prop- 
erQr  equilibrium  level  of  stock.  Fq.  and  the  rent 
maximizing  level  P|.  Furthermore,  it  depends  on  2 
ratios:  the  cost/price  ratio  which  is  equal  to  P«and  since 
b  is  the  reciprocal  of  (he  intrinsic  rate  of  increase  of  the 
stock  at  P  0,  the  ratio  of  the  discount  rate  to  the  stock 
increase  rate,  r  «  1/h. 

From  the  above  equation  it  is  interesting  to 
calculate,  for  each  value  of  Po.  what  discount  rate  would 
be  requiied  for 

Pd  -  Pmsy  -  0.5 
The  values  are: 


Po 
.1 

2 


db 

(1  125 
0.333 
0.750 
1000 
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APPLICATION  OF  MSY  TO  WHALING 


To  take  a  ooncKle  example,  if  for  dw  Antarctic  fin 

whale 

r  -  (Ro  -  M)  -  (.12  -  .04)  •  .08. 

then  we  find  that  the  economic  optimal  population, 
win  be  leas  dun  Pmw  vAtm  die  diBocmnt  rale  d  exceeds 

1  %  for  Po-  0.1 

or  2.7  %  for  Po  «*  02 

or  6  for  P„  =  0.3 

or  16  %  for  P,  -  0.4 

Clark  (1974)  suggestv  that  in  this  case  Po^^  0.1  but 
even  if  it  were  considerably  higher  it  is  dear  that  the 
economic  optimum  as  here  defined  would  be  at  a 
smaller  stodc  level  than  Pmsy- 

Now  this  is  an  ovcrsimpliHcd  treatment  of  the 
fin  whale  case.  At  leu.st  2  other  laclors  come  into  play. 
One  is  the  extent  to  which  the  a>$t$  of  whaling  are  not 
praportional  to  the  fin  w  hale  stock  level,  becau.se  other 
qMcies  are  also  being  caught  Then  P^  =  0  whenever 
d  >  r.sonatara^r  die  fin  whale  would,  if  not  protected, 
he  hunted  practically  to  extinction.  Another  factor  is  the 
fuod  cost  of  exerting  a^y  whaling  effort  -  for  example 
the  coat  moely  of  moving  ships  IVom  die  Nordiera 
Hemisphere  to  the  Antarctic  whaling  grounds 

This  alTecLs  the  price-cost  ratio,  and  hence  tends 
toinaeasePotu  IV-  It  does  not  affect  die  positioa  of  die 
eoonomicoiMimiun  slodc  if  d  -  Oin  the  proportion 

Pi-P(.' 


BALEEN  WHAI  FS  IN  THE  SOUTHERN 
HEMISPHERE  1 REATED  AS  A  SINGLE 
RESOURCE 

Gambell  (1974)  ha.s  labulatcd  the  calculated 
biomass  of  southern  hemisphere  stocks  of  "lialeen 
whales,  summarized  below,  with  the  catches  taken  in 
the  same  period,  it  has  been  suggested  that  the  blue 
whale  and  die  nunke  wtaak  oveitop  substaalfadfy  te 
their  diets  and  are  competitors  for  a  limited  food  supply. 
(That  food  is  a  limiting  factor  in  the  Antarctic  is 
presumed  fiom  the  bet  that  the  early  growth  rate  of  lin 


whales  has  increased  as  they  have  been  depleted,  so  that 
they  now  become  sexually  mature  much  earlier  than 

before.) 

Here  I  make  the  veiy  extreme  a.s.sumption  that  the 
minke  has  attained  its  recent  abuni.l.ince,  starting  from 
an  initial  very  small  population,  and  benefiting  from  the 
•*surplus**  of  krill  resulting  from  the  decline  of  the  blue 
whale:  furthermore,  that  other  competitors,  not  neces- 
sarily whales,  have  not  so  benefited.  Lhus.  were  it  not 
for  die  intensive  catching  in  the  seventies,  the  minke 
might  now  be  in  a  period  of  increase,  ahhoui^h  accord- 
ing to  the  SY-model  the  blue  whale  should  be,  relative- 
ly, in  an  even  more  active  period  since  it  has  been 
protected 

The  new  rocruiuncnt  over  a  decade  is  roughly  the 
consequence  of  reproduction  of  the  stodc  at  die  level 
existing  at  the  beginning  of  the  decade  or  a  few  years 

earlier.  Thus,  these  figures  suggest  a  combined  MSY  of 
a  little  over  7  million  tons  per  decade  from  a  baleen 
whale  bionuns  €€  the  order  of  half  the  initial  level. 

The  present  level  is  less  than  40  of  MSY  level 
(P  <  .2).  Pp  is  presumably  somewhat  higher  than  0.2, 
because  the  profitability  of  Antaratic  whaling  is  main- 
tained by  catches  of  sperm  whales,  which  in  weight  in 
the  decaide  1961-70  totalled  1.3  x  10^  tons.  However, 
the  1970  stock  avaihible  legally  to  whalen  is  not  8.l1>ut 
7.4  X  10*  tons,  because  blue  and  humpback  whales  are 
protected.  Furthermore,  since  1970  the  minke  slock  has 
been  intensively  exploited  -  it  is  perhaps  already  less 
than  one  million  tons;  whaling,  as  now  regulated, 
appears  still  to  be  profitable  so  ttiat,  even  taking  account 


Table  I.  Whale  stack  (tons  x  10-*) 


1920 

1930 

1940 

.  I9S0 

1960 

1970 

Bhie 

17.1 

14.3 

3.6 

1.6 

0.4 

0.5 

Fin 

22.3 

21.2 

152 

13.7 

6.3 

4.4 

Sci 

2.7 

1  7 

->  7 

2.7 

1.5 

Humpback 

1.5 

0.6 

6.6 

0.2 

0.2 

Minke' 

0.S 

0.6 

0.8 

1.0 

1.2 

1.5 

Total 

44.1 

40.0 

22.9 

19.6 

10.8 

8.1 

W 

(.91) 

(.52) 

(.44) 

(.24) 

(.18) 

Catch 

9.0 

21.7 

8.7 

15.9 

7J 

4.9 

4,6 

S.4 

7.1 

4.8 

'  AMume  eipontatnl  diwcfirtd  iMWiMt  fcni  ■niM  ImimI  ■mdc  IB  Owibca't 

figure  tar  1910. 
'  R  -  dahi«DetbMwMacM!liHid4KlimiiiiHck. 
*  PtapattimoriSllklevd. 
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of  the  sperm  whale  catch  (the  significance  of  which 
varies  greatly  among  countries  whaling  in  the  Southern 
Honisphere),  Pq  is  probably,  under  present  price  ooal 
oooditiras,  m  die  ni^  0.1S  to  0l2. 


INEFFECTIVE  CATCH  QUOTAS 

That  the  establishment  of  catch  quotas  does  not 
necessarily  place  an  effective  restraint  on  whaling  is 
diown  by  the  icceot  hktMy  of  mch  <faoua  for  pelagic 
wbaling  in  the  North  ftdfic  (Table  I). 


Table  I.  Quotas  uMI  catches  for  North  Padflc  ftn,  sei 


Year 


Fin 


Sei  ft  Biyde's 


Quou 

Catch 

Quota 

Caleb 

1967 

2  272 

6  1  Ifi  (63) 

68 

1  882 

5910  (171) 

69 

1  6(X) 

1  276 

(6  116) 

5  247  (89) 

70 

1453 

1012 

5  541 

4643  (39) 

71 

IJOS 

802 

4710 

3912  (919) 

72 

1046 

758 

3  768 

2528  (201) 

73 

650 

460 

3000 

2580  (724) 

74 

350 

413 

3  (XK) 

2641  (1362) 

75 

300 

2000 

First  note  that  the  catches  of  both  "species"  (sei 
and  Biyde's  whales  are  dilTerent  species,  but  because 
they  were  not  readily  distingui^able  by  gunners,  were 
treated  as  one  in  whaling  regulations)  decline  a>ntin- 
uously  and  at  the  same  rate  both  before  and  after  the 
beginning  of  the  quota  system  in  1969.  In  the  last 
column  are  given,  in  parentheses,  the  catches  of  Bryde's 
whale,  as  identifled  and  reported  after  capture,  and 
which  are  included  in  the  total  "sei**  catches;  so  the  real 
catch  of  sei  whales  declined  even  in  the  last  2  years. 

It  is  evident  that  the  quota  was  not  reached,  for 
either  species,  in  any  year  of  regulation,  except  when  the 
fin  quota  was  exceeded  in  1974  by  18  %.  (The  regula- 
tions permit  an  excess  of  up  to  10  S  on  1  species 
provided  there  is  "an  appropriate  reduction"  in  the 
catch  of  the  ottwr  spedes);  ftarthennore,  the  catch  was 
on  no  tXTcasion,  other  than  the  exception  mentioned, 
more  than  88  %  of  the  quota,  and  it  averaged  77  %. 

Now  for  a  catch  occasionally  not  to  reach  a  catch 

limit  Ls  not  in  itself  wrong  or  unexpected.  When  a  quota 
is  determined  the  national  mduslries  have  to  make 
appropriate  operational  decisions,  tndndhig  how  many 
units  -  expeditions  and  catchers  -  to  deploy.  But  to 
fail  to  reach  the  quotas  so  consistendy  and  by  so  much  is 
a  strong  indication  that  the  quotas  were  being  set  far 
above  the  real  availabiUty  of  whales. 

Whaling  quotas  arc  determined  in  June  each  vear 
for  the  followmg  sea>>on.  that  is  w  hile  the  North  Pacific 
whahng  season  is  in  progress  and  thus  before  current 
performance  can  be  assessed  There  is,  therefore,  an 
addiliunul  uncertainty  regarding  the  slate  of  the  stocks, 
which  does  not  exist  for  Southern  Hemisphere  v^aling. 
Thi.s  might  be  offered  as  explanation  of  the  excessive 
quotas,  were  it  not  for  the  fact  that  the  "regulated"  catch 
in  any  1  year  was,  more  often  than  not,  less  than  the 


Table  2.    North  i>acifk  indices  of  aliuMlance,  relative  to  1966  (from  \V  ada,  1974) 


Year 


cpae 


Fm 


cpue 
"adjusted" 


sightings 


cpue 


Sd  (and  Biyde) 


cpue 
'^justed* 


sightings 


1967 
1968 
1969 
1970 
1971 
1972 
1973 


0.69 
0.56 
0.21 
0.25 
0,27 
024 
0,21 


aS8 
a78 
059 
0J6 
Mt 
050 
0J3 


0.80 
I  .(X) 
0.78 
0.86 
0.60 
0.65 
0,69 


1.62 
1.67 
0  99 
0.86 
0.69 
0.6S 
0.66 


0.99 

1.45 

0.92 
0,66 
0.59 
0.52 
0.59 


1.25 
1.41 
0.58 
088 
069 
032 
058 
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Tflbk  3.  North  PaciHc  soi  MhuleiriNninccictallveto  IWB 
(ftoni  TiUman,  1974) 


Year 

SighlinfS 

(0.06   M  0.0«) 

1963 

2.0 

1967 

1.5 

1968 

1.00 

1.0 

1969 

085 

1970 

0.64 

1971 

0.50 

1972 

0.38 

1973 

a4i 

1974 

0.9 

quota  for  the  following  year,  although  the  quotas 
diemselves  were  continuously  declining.  In  fact,  next 
yeai^  quota  was  set  each  June  at  a  level  lower  thao  the 
previous  season's  catch,  but  higher  than  the  catch 
eventually  taken  in  the  year  of  decision. 

It  is  diflicnh  to  oondude  odier  dian  that  the 
quotas  were  having  no  managing  or  con.scr\'ing  cfTect 
except  perhaps  to  facilitate  the  division  of  the  catch 
between  participating  countries  by  restnuning  tfie 
conip>etition  between  them.  An  outside  ob.server  might 
be  Uxffitn.  for  wondering  whether  the  entire  "regula- 
tkm"  was  not  a  facade  simply  for  the  systematic  "pha- 
sing down*  of  North  Pacific  whaling. 

This,  and  similar  experience  elsewhere,  suggests  a 
novel  approach  to  management  -  that  is,  to  pcnahzc 
countries  or  enterprises  in  some  way  (e.g.,  by  propor- 
tionately reducing  the  quota  for  the  following  year)  to 
the  extent  that  they  do  not  succeed  in  taking  the  quotas 
th^  thenuehws  have  negotiated. 

It  would  be  interesting  to  know  what  was  hap- 
pening to  the  stodLs  while  this  was  gomg  on.  Unfortu- 
natdy,  the  difTeient  indices  of  stock  size  are  highly 
variable,  and  not  cntirclv  consistent  with  each  other 
They  are,  however,  summarized  in  Tables  2  and  3.  It 
seems  that  both  '^ipedes*  contmue  to  dedine  but  at 
what  rate  is  not  at  all  clear;  if  the  quotas  had  been 
reached,  the  declines  would  have  been  significantly 
flttter. 


ACMRR  (FAO),  Tlie  scientific  advisorv  function 
1974      in  international  fishery  management  and  de- 
vdopaicBt  bodies.  Suppkment  1  to  the  Re- 
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Species  and  population  stocks  which  are.  or  may 
be,  in  danger  of  depletion  or  extinction  as  a  result  of 
man^  activides,  should  not  be  peimitted  to  diminish 
beyond  the  point  at  which  they  cease  to  he  a  sigaiflcant 
functioning  element  in  the  eoo«ystem  of  which  they  are 
a  part ...  or  to  diminish  below  Ikelroptimttm  sostainable 
population  (OSP).  Marine  being  resources  of 

great  international  significance,  aesthetic  and  recrea- 
tional as  well  as  economic,  should  be  protected  and 
managed  with  the  primaiy  objective  of  mMntaiwiwg  the 
health  and  .stability  of  the  marine  ecosystem.  Where 
consistent  with  this  primary  objective,  the  goal  should 
be  to  obtain  an  optimum  sostainable  population  keep- 
ing in  mind  the  optimum  carrying  capacity  (OCC). 
"Dcplclion'^'  is  defined  as  a  decline  of  the  number  of 
individuals  within  a  species  or  population  stodc  to  a 
significant  degree  over  a  period  of  vears.  or  a  decline 
which,  if  it  continues  or  is  likely  to  resume,  will  lead  to 
the  species  being  classed  as  "endangered"  (and  there- 
fore protected  under  the  1969  Act)  or  is  the  state  in 
which  the  stock  is  below  the  OCC  of  its  enviionmenL 
"Conservation''  and  "management"  mean  the  cottec- 
tion  and  applicatioii  of  bkdogical  information  for  the 
purposes  of  increasing  and  maintaining  numbers  at  the 
OCC,  includmg  the  entire  scope  of  activities  that  con- 
stitute a  modem  scientific  resources  programme, 
including,  but  not  limited  to,  research,  census,  law  en- 
forcement and  habitat  improvement,  as  well  as,  where 
af^nopriate,  periodic  or  tolal  protedioii,  or  regulated 
taking,  of  species  or  populations.  "Taking"  means  to 
harass,  hunt,  capture  or  kill,  or  to  attempt  to  do  so.  The 
OCC  is  die  ability  of  a  given  habitat  to  support  the  OSP 
in  a  healthy  stale  without  diminishinp  the  ability  of  the 
habitat  to  continue  that  function.  The  OSP  is  the  num- 
ber <^  anhnals  which  wiD  resuh  in  the  maximum  pro- 
ductivity of  the  population  or  species.  "Stock"  means  a 
group  of  the  same  species  or  smaller  taxa,  in  a  common 
spatial  airangement,  diat  inieibieed  when  mature. 
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POLICIES:  I  HE  FL  l  URL  AND  THE  DISCOUNT  RATE 


C  PnicE 


Abstract 

The  reduction  of  all  future  values  ufa  resource  to  a  single  present  value,  according  to  an 
annual  discotmt  rale,  may  give  these  future  values  too  little  worth  and,  as  in  the  case  of  marine 
mammals,  thereby  encourage  the  intense  hunting  of  a  species,  even  to  extinctii  >n.  to  maximize 
present  benefit.  Economists  justify  the  discounting  of  future  values  by  the  principles  ol  the 
time  preference  rate,  by  which  benefits  are  chosen  for  their  immediacy  and  their  certainty,  and 
the  rale  of  return  on  invotnicnt.  A  discount  rale  can  be  chosen  according  to  other  criteria 
which  may  better  predict  future  changes  in  value;  classes  of  factors  that  can  be  considered  are 
the  possibility  of  world  destruction,  taste  change,  change  in  world  circumstances,  technologic 
cal  change  and  uncertainly.  Analysis  the  future  food  value  of  w  hales  umh^  these  criteria 
indicates  that  a  large  discount  rale  is  probably  not  jusiificd.  Discounting  the  future  aesthetic 
value  of  marine  mammals,  generally  experienced  vicariously,  seems  to  be  supported  by  some 
criteria  but  not  by  others.  The  sdentiflc  values  of  marine  mammals  are  not  repeaiable.  like 
their  material  and  aesthetic  ones  —  there  is  a  limited  amount  to  be  found  out  about  them  — 
but  there  is  a  continual  scientific  educational  value  and  so  discounting  in  this  case  in  uncertain. 
It  is  possible  thai  a  zero  discount  rate,  because  it  aiUms  greater  worth  lo  be  placed  on  l  uuirc 
values  than  on  present  ones,  could  represent  evaluations  of  the  future  based  on  (he  above 
alternative  criteria.  A  zero  discount  rate  cuuld  uccommiHiate  decisions  to  manage  tor  optmial 
population  size,  io  which  amitud  benefit,  rather  than  the  present  value  of  the  discounted 
future,  is  maximized. 

Resume 

\  a  reduction  de  toiites  ks  valcurv  futures  d'une  ressourcc  a  une  \aleur  presente  unique, 
scion  un  taux  annuel  d'actuaiisation,  peut  donner  a  ces  valeurs  futures  une  irop  faible 
importance  el.  dans  le  cas  des  mammiftres  marins,  enoourager  la  chasse  intensive  d*une 
espece.  allant  meme  jusqu'A  I'extinction.  pour  maximiser  ies  bt^nt'fices  acUiels  I  es  cVono- 
mi^ktcs  justillcni  ractualisaiion  des  valcurs  futures  par  les  principes  du  taux  de  preference 
temporelle,  itablissant  que  les  bin^ftces  sont  choisis  pour  leur  caractdre  imniediai  et  certain, 
et  par  le  taux  de  rapport  des  investissements.  Un  taux  d'actuaiisation  peut  etrc  choisi  scion 
d'aulrcs  criteres  qui  peuvent  mieux  predire  les  tuturs  chan^ements  de  valeui  .  les  classes  de 
facteurs  qui  peuvent  elre  oonsidiris  comprenneni.  de  preference,  le  changemcni  des  siiua- 
linns  nioiuliales.  les  changements  leci!no|iiuiL|ucs  et  rmcertitude.  L'aiiaK'-c  .Ic  l;i  future  valeur 
aliiiicniaiie  des  balemes.  faite  d'apres  ce^  crileres,  indique  qu'uu  taux  ini[n>rianl  d'aclualisa- 
lion  n'est  probablemenl  pa.s  justifii.  L'aclualisalton  de  la  future  valeur  esihitique  des  mam- 
mifcres  marins,  generalement  ressenlic  indircelemeni.  scmhie  ctrc  ci.i\cc  par  certains  criteres 
niais  pas  par  d'autres.  Les  valeurs  scicntil'iques  des  mammiferes  marins  ne  sont  pas  mfinies,  57 


Copyrighted  material 


C.  PRICE 


commc  Ics  valcurs  matdrielles  et  cMh^iiqucs  cc  qu'im  pcut  dicouvrir  a  Icur  sujel  est  Iimit(5 
-  mais  il  existe  une  valeur  scicnlinquc  diducliquc  continue  et,  dans  ce  cas,  Tactualisation  est 
incertaine.  II  est  possible  qu*un  taux  d'actualisation  nul,  du  fail  qu'il  permei  d*aooorder  une 
plus  grande  importance  aux  valeurs  future^  qu'aiix  valeurs  actuelles.  pourrait  rcprc'vcnicr  dcs 
evaluations  de  I'avenir  baseei>  sur  les  cnterei>  de  remplacement  ci-dej»sus.  Un  taux  d  actuali- 
sation  igal  k  ztm  pourrait  pennettre  des  d6ctsioos  de  gestion  visant  A  obtenir  une  taille  de 
popula  lion  optimale  ob  te  bdndfke  annuel  est  maximit^  plut6t  que  la  valeur  prfsente  du  futur 
actualist. 

Extmeio 

La  reduccidn  de  todos  los  valores  futures  de  un  recurso  a  un  valor  prcsentc.  uplicando 
un  Indioe  anual  de  actuali/aci6n.  puede  hacer  que  esos  valores  fuiums  lengan  muy  poca 

importancia  v.  en  el  caso  de  los  mamiferos  marinos.  fomcntar  asi  la  expiotacion  inicnsa  de  una 
cspccic  haiila  llcgar  incluso  a  su  cxlincion.  para  aumcntar  al  maximo  los  bencl'icios  prcscnics. 
Loseconomistasjustifican  la  actualizacion  Jc  los  valores  futures  en  virtud  de  dos  principios: 
la  prefcrencia  cronolosjica,  en  virtud  de  la  cual  los  beneficios  se  cligen  por  su  inmcdiatcz  v  su 
ccrtcza,  y  cl  rcndimiento  de  las  invcrsiones.  El  indicc  dc  actualizacion  puede  elegirse  segiin 
otros  criterios,  que  tal  vez  pennitan  predecir  mejor  los  cambios  de  valor  en  el  futuro:  enire  los 
tactcircs  que  pueden  tcnersc  en  cuenla  figuran  la  posibilidad  de  dcstruccion  tie!  mundo,  las 
vanacione^  de  los  gustos,  cl  cambio  en  lus  circunstancias  mundiales,  los  cambios  tecnologicos, 
y  la  inceitidumbre.  Un  anilisis  del  valor  alimentaiio  fiituro  de  la  baliena  utilizando  estos 
criterios  indica  que  prohahlemente  no  esta  justitlcado  aplic;M  "in  iixlice  elevado  de  actuali- 
zacion. La  actualuaci6n  del  valor  csletico  luturo  dc  los  mamilcros  niannos,  que  cn  general  se 
percibe  indirectamente,  parece  estar  justificada  por  algunos  criterios,  pero  no  por  otros.  Los 
valores  cienl'ificos  Je  los  mamiferos  marinos  no  son  repetihles.  a!  igual  que  lev  \a!ores 
matehales  y  esteticos  (la  cantidad  de  dalos  que  puede  hallarsc  sobrc  ellus  es  limitada),  pcru  si 
puede  hablarse  de  un  valor  educattvo  cieniiftco  continuo  y,  segfin  eso,  la  actualizaci6n 

pn-scnla  cicrl.i  inccriidnmhn-  Ps  pnsihlo  quo  un  indicc  de  actuali/ icion  ccro,  al  permitirdar 

mayor  importancia  a  los  valores  luturos  que  a  los  presenter,  pueda  rcprcscniar  una  evaluacita 
del  Ajturo  basada  en  los  criterios  altemativos  expuestos.  Un  indice  de  actuallzaddn  cero  seria 

compatible  con  dccisiones  dc  urdenacion  de  la  e\pK>laci6n  encaminadas  a  conseguir  cl 
volumen  Optimo  de  la  poblacion.  con  lo  que  sc  incrcmentarian  al  maximo  los  beneficios 
anuales.  >  no  cl  valor  prcsente  de  un  fiituro  actualizado. 
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MARINE  MAMMAL  MANAGEMENT 


Introductkui 


The  economist's  account  of  over-exploi- 
tation of  resources  in  the  common  ownership 
of  mankind  is  simple.  The  revenue  from 
catching  a  whale  in  the  deep  oceans,  for 
example,  accrues  entirely  to  the  successful 
hunter.  TTie  consequent  cost  of  a  reduced 
whale  population,  in  terms  of  diminished 
breeding  rate,  increased  search  time  and  pos- 
sibly aggravated  danger  of  extinction,  is  borne 
by  all  whalers,  only  a  minute  fraction  falling 
upon  those  who  make  the  capture.  An  agree- 
ment to  restrict,  or  even  temporarily  prohibit 
whaling  may  clearly  be  in  the  long-term 
interests  of  all  whale-hunters:  in  the  absence  of 
an  agreement,  however,  it  is  unquestionably  in 
the  interest  of  the  individual  hunter  to  catch 
what  he  can.  For  his  purposes,  there  is  no  merit 
m  abstention  while  other  individuals  continue 
to  deplete  the  stock. 

One  may  object  that  a  point  is  surely 
reached  when  an  economically  important 
species  is  threatened  with  extinction,  at  which 
potential  future  revenues  from  the  species 
outweigh  the  immediate  gains  of  capture,  even 
for  the  individual  hunter.  Again,  however,  the 
individual,  seeing  himself  powerless  to  save 
the  species  by  unilateral  action,  will  not  be 
moved  by  seil-mteresl  to  spare  the  whale 
merely  for  another  hunter's  capture. 

Economists  recognize  that  laissez-faire 
(X>Ucies  achieve  inadequate  regulation  because 
no  market  enables  mankind  in  general  to 
recover  the  costs  imposed  on  it  by  the  benefi- 
ciaries of  individual  capture.  This  makes  it  all 
the  odder  that  the  rather  similar  costs  imposed 
by  present  exploiters  on  future  hunters  are 
normally  ignored  or  played  down  by  econ- 
omists. The  short-sightedness  of  hunters  indeed 
appears  to  be  approved  by  economists'  dis- 
counting treatment  of  finture  benefits  and  costs 
(that  is,  a  process,  reversing  compound 
interest,  which  converts  future  values  to  a 
present  equivalent,  dividing  them  by  a  dis- 
counting factor  <»ce  for  eveiy  year  of  the  tin» 
interval). 


In  plain  terms,  this  amounts  to  saying 
that  the  annual  value  of  whales  to  the  future  is 
less  than  the  annual  value  of  the  same  physical 
quantity  to  the  present  Furthermore,  because 
of  the  continuous  nature  of  the  decline  over 
time,  the  total  of  a//  future  values  from  a  con- 
tinuously productive  resource  reduces  to  a  fi- 
nite present  equivalent  -  which  is  quite  a 
small  multiple  of  annual  value  at  prevailing 
rates  of  discount.' 

This  bein^  so,  it  is  entirely  possible  that  a 
strategy  of  maximizing  immediate  benefits  by 
rapid  extermination  of  a  species  will  be  ana- 
lysed as  optimal  (Clark.  1973). 

To  scientists  and  others,  it  may  be  far 
from  clear  that  future  values  should  be  lightly 
dismissed  and  this  extraordinary  postulate  re- 
quires explanation.  Economi.sts  have  2  legs  to 
stand  on  in  justifying  it  and,  in  general,  they 
contrive  to  stand  oo  both,  or  to  shuffle  firom 
one  to  another.  These  are  the  tinw  preference 
rate  of  individuals  and  groups,  and  the  rate  of 
return  on  investment. 


Time  preference  rate 


Those  aspects  of  economics  which  deal 
with  what  ought  to  be  appeal  to  the  revealed 
preferences  of  consumers  as  the  bans  for  de- 
cisions. It  is  quite  evident  from  their  actions 
that  individuals  prefer  to  have  sood  things 
now  rather  than  later:  and  li  it  is  a  fundamen- 
tal premise  that  the  consumer  is  always  ri^t. 


I  I  he  mrinite  series 

1  +  r      (I  +  r)  (1  +  rt 

which  is  Ihf  uual  o\  ,in  atuuiul  \alue.  x,  in  perpetuity  di.s- 
countcd  a)  a  rate  r.  to  the  pnscnt.  has  Ihe  finite  sum  x/r. 
Current  rates  of  discount  are  around  10  %,  bringing  total  prc&- 
em  valve  to  onfy  IQk.  59 
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there  is  nothing  that  can  be  argued  ai!ainst  a 
discount  on  the  future.  However,  the  philoso- 

Ehical  justification  of  consumer  soverei^ty 
angs  heavily  on  the  assumpticni  that  choices 
are  made  rationally:  that  the  consumer  choos- 
es in  such  a  way  as  to  give  himself  ^eatest 
satisfaction.  There  are  features  of  the  choice 
between  present  and  future  which  make  it  un- 
likely that  rationaUty  so  defined  will  invariably 
operate.  The  choice  situation  is  asymmetrical, 
ihat  is,  the  present  and  the  future  are  not 
viewed  on  an  equal  footing.  The  present  is 
chosen,  not  so  much  for  its  prior  position  in 
history  as  for  its  immediacy.  If,  in  the  future,  it 
was  possible  to  dioose  oetween  eonsuming 
then  and  hawng  consumed  now,  it  is  reasonable 
to  expect  that  asain  immcdiacv  would  be  pre- 
ferred, despite  being  later  m  history.  Thus,  if 
one  were  to  analyse  all  the  consumer's  prefe- 
rences, looking  back  as  well  as  forward,  it 
woukl  not  necessarily  appear  that  he  has  the 
premium  on  early  consumption  implied  by  his 
choices,  which,  histoiy  being  unalterable,  must 
always  look  forward. 

In  addition  to  the  purely  irrational  ele- 
ment of  immediacy,  there  is  a  certainty  about 
present  consumption  which  h  is  quite  rational 
for  the  individual  to  fnefer.  The  state  of  the 
world  100  years  hence  is  of  little  interest  be- 
cause he  does  not  expect  to  participate  in  it. 
Nevtftheless,  his  prererence  for  resources  to 
be  made  available  now  rather  than  m  100 
years  imposes  costs  on  future  generations. 

The  need  for  a  longer  view  for  society  as 
a  whole,  together  with  an  allowance  for  irra- 
tionality, has  caused  some  economists  to  sug- 
gest that  governments'  discount  rate  should  be 
lower  than  the  rate  applied  by  mdividuals  (i.e., 
governments  shoidd  set  a  greater  weight  on  the 
future).  Yet  governments  too  have  finite  lives 
—  shorter,  in  laci.  than  indn  iduals  and  ex- 
pedients offering  immediate  benefils  may  be 
given  a  weight  which  is  irrational  even  within 
that  short  life.  Consequently,  even  if  a  time 
preference  rate  could  be  consistently  deduced 
from  the  behaviour  of  governments  or  supra- 
national bodies,  it  would  not  be  surorising  if  it 
ovostated  the  prqper  discount  on  the  future. 


Rale  of  vetinn  on  itntatmmt 


The  other  normal  argument  for  dis- 
counting runs  something  like  this.  If  I  have 
£.Slg.  1  now,  I  can  invest  it  and  at  the  end  of  a 
year  recoup  (say)  £.Stg.  1.10.  Therefore,  if  I  am 
offered  anything  less  than  £.Stg.  1.10  at  the 
end  of  the  vear  in  place  of  the  £.Stg.  1  now,  I 
would  be  better  off  with  £.Stg.  1  now.  There  is, 
one  would  say,  a  10  %  discount  on  next  year's 
money  value.  In  the  ttme  way,  the  £.Stg.  1.10 
could  be  reinvested  at  compound  interest  over 
as  many  years  as  it  is  desired  to  make  compar- 
isons. Fair  enough  (provided  my  investment 
is  keeping  ahead  of  inflation)  if  concern  is 
purely  with  paper  or  personal  economics.  It  is 
harder  to  see  what  reinvestment  means  m  real 
terms.  How  does  one  set  about  investing  a 
dead  whale  at  compound  interest?  Its  material 
components  are  mostly  consumed  rapidly. 
Such  consumer  durables  and  capital  as  may  be 
created  from  industrial  use  of  whales  do  yield 
annual  dividends  -  but  for  a  finite  period  and 
with  dubious  possibilities  for  reinvestment. 
One  has  to  think,  perhaps,  in  terms  of  bet- 
ter-fed sdentisls  working  more  effectively  to 
devise  whale  substitutes  m  an  ever-increasing 
stream. 

It  is  more  plausible  to  imagine  the  whale, 
or  its  products,  being  sold  to  someone  who 
would  otherwise  have  spent  the  money  on 
some  other  form  of  immediate  consumption: 
the  proceeds  then  being  used  to  tinance 
mvestment,  either  by  whaling  companies 
themselves,  or  by  the  governments  who  tax 
them.  There  are,  however,  physical,  economic 
and  political  limits  to  how  far  this  process  can 
go  (Price,  1973),  not  least  of  which  will  be  the 
demands  of  shareholders  :\nd  voters  with  high 
time  preference  rates  tiiai  not  al!  surplu.ses 
shall  be  reinvested  in  lavour  ot  future  con- 
sumption. To  the  extent  that  an  eariy  whale 
opens  up  reinvestment  opportunities,  this 
must  be  allowed  for  (Henderson,  1968),  but  it 
is  not  clear  at  all  that  it  should  be  done  by 
discounting  at  the  market  rate  of  return  on 
mvestment. 
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Ab  altcrastife  view  of  dHscomliDg 


It  seems  to  me  fhat,  if  disoounting  has 

any  rational  function,  it  is  to  reprt^sent  trends 
of  value  change  that  are  expected  to  he  expo- 
nential and  indefinite  -  simply  a  convenient 
way  of  generalizing  a  predictioii.  The  S  classes 
of  foctois  I  have  identified  as  having  general 
lelevanoeaie: 

(i)  Possihility  of  world  destruction 
(11)  Taste  change 

(iii)  Change  in  world  circumstances 

(iv)  Technological  change 

(v)  UnoertainQr. 

How  do  these  apply  to  the  value  of  one 
whale,  taking  first  the  tlow  of  material  bene- 
fits? 

(i)  If  there  is  a  cumulative  annual  proba- 
bility that  all  potential  consumers  of 
whaJe  products  will  be  destroyed  1^ 
world-wide  catastrophe,  the  overall  ex- 
pected value  of  future  output  from  the 
whale  stock  is  commensurately  reduced 
in  succeeding  years.  A  similar  element 
applies  to  the  possibility  thatsome  factor 
not  under  the  control  of  any  manage- 
ment policy  will  make  the  oceans  im- 
possible for  whale  survival.  Applied  at 
the  world  level,  such  an  element  of  dis- 
count tends  toward  self-fulfilling  proph- 
ecy, since  if  httlc  weight  is  put  on  the 
future,  possibilities  which  ride  the  ads- 
tencc  of  a  future  will  be  favourably 
analysed. 

(ii)  The  possibility  of  a  shift  hi  consumer 

taste,  as  from  animal  to  vegetable  mar- 
garines, again  progressively  reduces  the 
expected  value  of  foods  ihai  are  cur- 
rently in  the  consumer's  basket  A  past 
taste,  however,  mav  show  resurgrace, 
and  basic  food  values  are  ntM  mutable  bv 
such  shifts.  It  is,  therefore,  only  a  portion 
of  current  value  that  should  be  dis- 


counted under  this  head. 

(iii)  The  drcumstances  in  which  food  pro- 
duction takes  place  are  evidently  not 
static.  The  rapidly  increasing  population 
and  declining  base  of  concentrated  stock 
resources  both  tend  toput  a  higher  value 
on  food  that  can  be  harvested  without 
great  expenditure  of  resources.  This  not 
only  affects  the  future  value  of  a  whale 
population  in  a  general  sense,  but 
mcreases  the  premium  on  a  relatively 
abundant  population  that  can  be  har- 
vested without  large  fuel  expenditure  on 
search. 

(iv)  Countering  these  upward  influences  on 
value,  technological  innovation  tends  to 
make  food  more  abundant,  and  so  to 
dunmish  the  vahie  of  any  additional 
supply.  As  this  forms  one  of  the  few  ra- 
tional bases  of  economists'  arguments 
for  a  discount  rate  (Pearce,  1971),  it  is 
worth  «camining  in  a  little  detail  what  is 
the  nature  of  the  teclinolueical  forecast 
involved:  whether  the  technology  is  to 
be  financed  from  whale  sales  or  from 
other  sources. 

First,  consider  the  means  of  harvesting 
the  whale  s  food  mtake  for  human  consump- 
tion. While  die  whale  is  the  cheapest  way  of 
doing  so,  its  value  is  whichever  is  less  of  (a)  the 
net  food  value,  after  harvesting  cost,  or  (b)  the 
additional  cosl  ot  harvesting  by  the  next  cheap- 
est method,  which  is  prescntfy  avoided  uy 
using  the  whale  as  intermediary.  Technologi- 
cal developments,  whether  using  mechanical 
methods  (trawlncts)  or  biological  systems 
(fish),  may  lower  die  cost  differential  over 
time,  and  so  the  value  of  the  whale  population; 
a  reasonable  basis  for  discounting.  The  time 
might  come  when  other  methods  would 
become  more  difcient,  and  the  whale  made 
redundant  altogether.  A  forecast  of  the  pro- 
bability that  this  would  happen  again  yields  a 
discount  factor. 

Second,  developmenis  in  the  total  world  61 
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food  supply  alTecl  Ihe  value  of  the  deep  ocean 
resource  and  even  alTect  whether  it  is  worth 
exploiting  it.  Not  all  increases  in  world  output 
are  direcUy  substitutable  for  whale  fMToducts, 
but  improving  technologies  of  intcrconversion 
are  reducing  the  significance  of  the  form,  re- 
lative to  the  basic  content,  of  food. 

(v)  It  would  be  enough  to  amsider  only 
these  influences  on  future  value  if  fore- 
casts could  be  certain.  Strangely,  uncer- 
tainty has  been  regarded  by  some  econ- 
omists as  a  reason  for  increasing  the 
discount  rate.  Thdr  argument  is,  rough- 
ly, that  the  further  into  the  future  one 
proceeds,  the  less  one  kncnvs  about  the 
situation  and  the  less  weight  one  can  put 
on  any  given  outcome.  This  is  true:  but 
lesser  certainty  ahcnit  future  values 
includes,  not  just  mcreasmg  possibility 
of  a  given  fall  in  value  (as  a  higher  dis- 
count rcte  implies),  but  increasing  pos- 
sibility of  a  given  rise  in  vahie  l  urther- 
more,  the  value  of  food  resources  has  a 
lower  limit  of  zero  (unless,  for  example, 
whales  could  plausibly  become  a  posi- 
tive and  irremediable  nuisance),  while  in 
the  context  of  fast  rising  population 
pressing  on  uncertainly  sustauiable  food 
production,  there  is  no  definite  upper 
limit  to  possible  food  values  at  all. 

An  overview  of  all  these  factors  makes  it 
hard  to  assien  a  large  discount  rate  to  the  food 
value  of  the  whale,  especially  one  as  high  as 
currently  used  rates.  Indeed,  in  a  state  of  un- 
certainty  about  the  persistence  and  exponen- 
tial nature  of  predicted  trends,  discounting 
seems  a  rather  dangerous  evasion  of  the  prob- 
lems of  seeing  far  into  the  future,  and  might 
better  be  replaced  with  explicit  ranges  <^  pre- 
dicted value. 


Aesthetic  and  scientific  values 


If  whales  or  other  creatures  are  to  be 


conserved,  it  is  not  for  their  direct  fooil  and 
material  value  alone  ( Helliwell,  1973).  Indirect 
values,  or  costs,  that  might  arise  through  the 
impact  of  whales  on  other  food-producing  sys- 
tems would  be  discounted  only  for  reasons 
like  those  applying  to  the  direct  values. 

Other  conservation  values  can  be 
grouped  as  aesthetic,  and  scientific:  and  to 
both  classes  the  possihiIit\  s>f  elimination  (of 
the  whale  population  by  exogenous  causes,  or 
of  human  consumers)  is  an  appropriate  ele- 
ment of  discount.  Aesthetic  values  —  uang  the 
term  in  its  broadest  sense  -  are  of  a  generally 
vicarious  nature,  experienced  most  often 
through  film,  or  an  "option  value"  that  derives 
simply  from  the  knt^wledgc  of  creatures'  exis- 
tence (Krutilla,  1967).  There  is,  perhaps,  at 
the  moment  an  element  of  "cause  c^l^bre** 
about  the  survival  of  some  species  of  whales, 
which  one  might  argue  is  more  likely  to  de- 
crease than  increase  in  the  long  run  and  that  a 
possible  change  in  conservation  taste  justifies  a 
discount  One  would  also  expect  diminution  of 
of  any  sense  of  loss  as  a  species  passed  toward 
oblivion:  not  all  extinctions  have  retained  the 
emotional  following  of  the  dodo.  But  only  part 
of  the  value  is  eroaable,  for  a  significant  ele- 
ment of  interest  in  marine  mammals  is  intrin- 
sic to  their  oatiu'e.  Time  itself  is  unlikely  to 
change  this. 

**Option  demand"  is  a  classic  public 

good  —  that  is,  somcthini:  one  cannot  rcadil\ 
exclude  people  from  enjoying  by  charging  tor 
it,  and  which  is  not  used  up  by  the  process  of 
enjoyment  One  consequence  is  that  conser- 
vation values  of  this  kind  increase  as  the  pop- 
ulation partaking  in  them  does.  Whether  or 
not  this  expected  increase  in  values  over  time  is 
best  dealt  with  by  a  negative  discowU  rale,  it 
should  be  incorporated  bv  some  means.  A 
seemingly  inexorable  decrease  in  the  reserves 
of  other  species  and  systems  of  conservation 
mterest  might  also  focus  more  value  onto  such 
as  do  survive 

It  is  perhaps  m  the  clement  oi  discount- 
ing attributed  to  technologically  induced 
abundance  that  the  gap  between  material  and 
aesthetic  futures  is  plainest  The  po^MUy 
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cannot  be  denied  that  technology  may  make 
the  whale's  uiihtanan  lunctions  redundant: 
but  attempts  to  replace  interest  in  a  natural 
system  by  technolopical  substitutes  may  well 
provoke  doubts  about  the  limits  to  technolo- 
gy's proper  role.  If  the  surge  of  interest  in  wild- 
life can  be  read  as  a  symptomatic  rejection  of 
mechanistic  sophistication,  it  is  evidently 
pointless,  perverse  and  possibly  perilous,  to 
attempt  substitution  of  the  antidote  by  more  of 
ihc  same  poison.  One  may  aigue,  indeed,  that 
technology's  success  is  to  extend  vicarious 
participation  in  the  natural  reality  to  a  greater 
population,  increasing  the  value  of  the  total 
conservation  interest  (even  if  the  recruits  enjoy 
less  individual  benefit  than  the  enthusiastic 
pioneers).  It  would  rather  be  the  taiiure  of 
technology,  coupled  with  an  increased  popu- 
lation pressure  on  scarce  resources,  that  might 
lead  to  reduced  aesthetic  interest  over  time,  as 
concern  for  basic  survival  crowds  out  such 
dispensable  pleasures. 

Of  uncertainty,  one  may  simpl\  say  that 
it  is  easier  to  conceive  an  upper  limit  to  the 
aesthetic  values  oi  marine  mammals  than  one 
for  their  contribution  to  food  supplies.  Un- 
known deviation  from  expected  values  suggests 
iheretbre  a  smaller  downward  inlluence  on 
discount  rate  than  applies  to  food  values. 

In  summary,  there  are  some  grounds  for 
thinking  that  discount  on  the  future  of  marine 
mammals'  aesthetic  values  should  be  greater 
than  for  their  material  values  and  some  for 
thinking  it  should  be  less;  but  none  for  posi- 
tively asserting  that  the  case  for  a  discount 
is  better  than  that  for  a  premium. 

The  scientific  value  of  marme  mammals, 
unlike  the  infinitely  lepeatable  aesthetic  and 
material  values,  is  in  a  sense  a  stock  There  is  a 
large  but  limited  amount  to  be  lound  out 
about  them,  specifwaUy,  and  about  the  nature 
of  life.  Facts  uncovered  diminish  over  time  the 
undiscovered  research  potential  ol  the  group: 
perhaps  too,  there  are  conjectures  to  be  made 
about  the  declining  impoitance  of  succeeding 
discoveries  (net  of  the  cost  of  making  them) 
compared  with  that  of  earlier  findmgs.  This 
quasi-Stock  nature  affects  the  case  for  dis- 


counting variously.  On  the  one  hand,  over 
time  the  value  of  further  knowledge  remainmg 
to  be  extracted  falls.  On  the  other,  a  change  in 
the  fashions  of  research  does  not  extinguish 
any  value,  but  merely  passes  it  over  to  a  later 
date.  Timing  is  important,  in  that  the  earlier 
the  research  results  are  made  available,  the 
loni'cr  will  be  the  period  of  benefit:  but  it  is 
this  additional  period  of  benefit,  the  discovery 
having  been  made,  rather  than  the  earliness  of 
the  discovery  it.self  that  is  significant,  and  there 
are  more  rational  ways  than  discounting  to 
allow  for  it. 

Again,  one  may  be  dubious  about  the 
potential  of  technology  to  substitute  for  re- 
search findings  in  biological  systems  A  limited 
substitution  of  one  biological  system  lor  an- 
other as  a  research  base  might  beoom  e  possible. 
Equally,  the  probable  loss  of  other  species  and 
systems  enhances  the  potential  of  those  re- 
maining and  tends  to  increase  the  annual 
value  of  their  oontribulimi  to  knowledge  over 
time. 

UnccriamiN  m  ihisct>nic\t  is  a  matter  of 
the  possibility  that  .some  unexpectedly  impor- 
tant discovery  may  result  from  research  in 
whales.  This  possibility  is  part  of  the  stock 
value  of  the  population  and,  Uke  the  rest,  di- 
minishes slowly,  perhaps  imperceptibly,  as  the 
stock  of  unexplored  knowledge  declines. 

In  summan,'.  scientific  values  are  of  a 
rather  dilTerent  kind  from  the  material  and 
aesthetic  ones,  representing  a  stock  of  poten- 
tial knowledge  iMiose  future  value  is  depen- 
dent on  the  prospects  for  the  human  race  - 
which  can  be  treated  under  factors  (i)  to  (v). 
Once  the  knowledge  is  extracted  however,  the 
useAilness  of  the  whale's  continued  existence 
is  extinguished  and  it  is  with  this  in  mind  that 
the  value  ol  diliereni  survival  periods  of  the 
species  in  question  should  be  compared.  How- 
ever, there  is  always  a  residual  value  in  a 
living  creature  as  a  medium  of  scientific  edu- 
cation, and,  though  in  the  case  of  the  whale  the 
aimual  value  would  be  fairly  small,  the  argu- 
ment for  discounting,  as  in  the  case  of  aesthetic 
values,  is  dubious. 

Additionally,  though  the  economist  is  in  63 
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no  position  to  comment  authoritatively  on  this, 
there  seems  no  absolute  reason  why  satisfac- 
lion  experienced  by  the  whale  population  itself 
should  not  be  an  argument  Tor  its  conseiva- 
tioiL' And,  if  this  is  accepted,  it  is  difficult  to  see 
why.  Other  than  the  possibility  of  world  catas- 
trophe, this  satisfaction  should  be  discounted. 

Discounting  and  decisions 

The  relevance  of  the  discounting  process 

is  clearest  in  decision's  as  to  whether  any  spe- 
cies should  be  hunted  or  brought  by  other 
means  to  destruction.  Extinction  forecloses  all 
Alture  outputs  -  and  costs  -  so  that  the  ra- 
tionality of  the  extinction  option  depends  crit- 
ically on  what  value  is  assi^ed  to  the  outputs. 
Conventional  views  of  discounting  pose  no 
mechanical  problems,  since  all  future  values, 
no  matter  of  what  kind,  are  unambiguously 
reduced  to  a  single  present  value.  1  have  sug- 
gested that  discounting  is  by  no  means  as  easy 
as  that,  and  indeed  that  the  philosophy  is  se- 
riously open  to  doubt,  unless  it  is  very  carefully 
related  to  expected  changes  in  value.  Once 
zero  discount  rates  are  contemplated,  the 
awkward  possibility  has  to  be  faced  of  indefi- 
nitely large  present  values  of  conserved  species 
(Nash,  1973).  This  does  not  preclude,  as  Nash 
suggests,  economic  analysis.  If  indefinite  val> 
ues  are  attainable  by  limited  present  absten- 
tion, the  case  is  clear  for  maintaining  a  viable 
population  of  a  species.  If  the  maintenance  of 
the  population  has  recurring  costs  —  sudi  as 
consumption  of  an  otherwise  valued  food  re- 
source -  LTcater  than  the  expected  recurring 
benefits,  there  may  be  a  case  for  extinction,  but 
it  is  not  a  case  often  explicitly  argued.  It  is  true 
that  most  investments  take  on  an  enhanced 
value  at  zero  discount  rate,  so  that  the  costs  of 
resources  diverted  from  them  into  conserva- 
tion have  to  be  increased:  Feldstcin's  (1964) 
methods  adequately  cope  with  this  difficulty. 
The  problems  of  economic  analysis  without  a 
disoiunt  rate  are  further  explored  in  Price 
(1976). 

The  view  taken  of  the  future  also  beats 


on  optimal  stocking  of  a  given  species.  Because 
of  the  time  taken  to  increase  a  population,  a 
large  stock  is  inherently  more  flexible,  should 
a  nigh^  intensity  of  food  extraction  from 
deep-sea  sources  be  made  desirable  by  short- 
ages from  other  sources.  Naturally,  the  larger 
population  involves  smaller  costs  of  search  as 
well,  which  again  could  be  important  in  terms 
of  future  fuel-saving.  But  these  advantages 
may  be  achieved  only  after  the  many  years  of 
limited  exploitation  needed  to  achieve  opti- 
mality. 

Hence,  under  conventional  discounting, 
little  weight  is  given  to  the  advantages  of  an 
optimal  population.  A  reduction  toward  ex- 
tinction might  be  preferred  to  maintaining  the 
existing  population,  even  if  an  optimal  popu- 
lation now  would  be  prelerred  to  extinction. 
Zero  discoimt  rate  suggests  that  the  population 
should  be  increased,  because  of  the  greater 
weight  put  on  the  value  of  the  far  distant  opti* 
miun. 

A  final  perplexity  concerns  the  economic 
treatment  of  gene-pool  arguments.  Varied  ge- 
netic constitution  gives  adaptability  to  a  spe- 
cies so  that  it  ma^  continue  its  utilitarian  role 
in  the  face  of  environmental  change.  There  are 
also  matters  of  scientific  and  aesthetic  interest 
for  which  variety  is  helpful.  It  is  certain  that 
the  incremental  value  of  additional  variety  in 
the  population  falls  as  total  population 
increases.  But,  however  tiny  the  increment  of 
annual  value  from  an  additional  individual,  its 
value  into  the  perpetual  future  becomes  inde- 
finitely large.  Thus,  on  these  grounds  only,  an 
optimum  population  would  be  as  large  as 
{xissiblc.  The  onlv  limitation  on  population 
size  can  be  another  recurring  item  -  such  as 
encroadiment  on  the  habitats  of  other  species 
and  the  breeding  and  conversion-efficiency 
losses  arising  from  an  overlarge  population. 


Conclusions 

It  will  be  plain  from  the  foregoing  that 
the  discounting  process  should  offer  no  easy 
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solution  to  the  problems  of  attributing  values 
to  the  future  and  of  reaching  decisions  afTect- 
ing  them.  Rather,  it  is  to  expected  physical 
realities  that  eooaomists  and  other  inquirers 
must  turn  if  they  wish  to  establish  any  basis  on 
which  discounting  is  rational.  If,  as  1  suspect,  a 
zero  discount  rate  is  plausible  as  the  result  of 
the  influences  on  values  described,  then  spe- 
cies with  positive  net  value  should  be  kept 
from  extinction:  and  this  is  by  no  means  as 
otwioiK  a  oondiisioii  lo  eoonomists  as  it  may 


be  to  scientists.  Secondly,  the  question  of  op- 
timal population  can  be  resolved  in  a  steady 
state  sense,  as  a  maximizatioii  of  net  annual 
flow  of  benefit  rather  than  of  a  net  present 
value  of  all  the  discounted  costs  and  benefits  of 
moving  to  the  steady  state  and  maintaining  it 
indefinitefy.  That  does  not,  of  course,  mean 
that  changes  in  optimal  population  with  world 
circumstances  are  not  to  be  considered.  The 
necessary  forecasting,  however,  should  not  be 
left  entirely  to  eoonomisls. 
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SOME  ASPECTS  OF  EVALUATING  LOW-CONSUMPTIVE  USES 
OF  MARINE  MAMMAL  STOCKS 


P.  Copes 


Absimet 

Man  can  benefit  from  marine  mammals  bv  direct  harvest  of  them  for  food  and  other 
oonunodities,  hisloncaliy  their  mo&i  common  use,  but  one  which  may  lead  (o  over-exploita- 
tion, and  by  indirect  recfeational  and  educational  use,  "low^consomptive'*  in  that  few  changes 
arc  caused  t(i  the  marine  mammal  population  A  net  economic  benefit  is  achieved  only  to  the 
extent  that  the  goods  and  services  produced  are  more  valuable  than  those  that  would  result 
from  a  different  use  of  the  labour  and  capital  employed.  In  the  recent  past,  it  is  possible  that 
little  net  benefit  has  been  obiaiiiL-d  from  commercial  harvesting  of  marine  mammals. 
Low-consumptive  uses,  where  costs  are  ufien  modest,  could  ^ield  substantial  nei  economic 
benefits,  especially  in  increasingly  affluent  and  crowded  societies;  net  benefits  here  are  those 
to  users,  measured  bv  a  "consumer's  surplus"  (the  price  of  an  activity  subtracted  from  the 
amount  users  would  be  willing  to  pay)  and  the  profit  made  by  those  offering  the  service  which 
could  not  have  been  made  in  another  way,  as  well  as  certain  collective  benefits  to  society  more 
difficult  to  measure,  for  example,  from  education.  It  can  be  assumed  that  many  persons 
viewing  marine  mammals  v^ould  not  'Mun  equal  satisfaction  from  alternative  activities 
Low-consumptive  uses  of  marine  nianiinals  ate  not  nt>rmally  jeopardized  by  properly  man- 
aged harvesting  of  them  and  harvestmg  is  not  usually  affected  by  low-COll8umptive  use. 
Research  on  the  net  hcriL'tlr^  that  can  be  gained  from  Knv -consumptive  uses  in  societies 
already  usmg  marme  mammals  and  in  developing  umntries,  may  be  appropriate. 

Resume 

L'homme  peut  profiler  des  mammiferes  marins  en  les  exploitant  direciement  pour  en 
tirer  de  la  nourriture  et  d'aulres  produits  —  ce  qui,  sur  le  plan  historique,  a  constttui 
Tutilisation  !a  plus  r^pandue  mais  peut  conduire  a  la  surexploitation  —  et  par  une  utilisation 
indircctc  r^crdaiivc  ou  didactique,  les  "autrcs  utilisations",  ou  utilisations  a  faiblc  consom- 
mation  dans  lesquelles  peu  de  diangements  afTectent  les  populations  de  mammifires  marins. 
Un  profit  <^conomic]uc  net  n'est  realise  t)UL  J  nis  la  mcsurc  oCi  Icn  I hl  us  ct  services  protluii^  soni 
plus  pr^cieux  que  ceux  qui  proviendraient  d'une  utilisation  differente  de  la  main-d'oeuvre  et 
du capital  employes.  11  est  possiblc.ces demiers  temps, qu'oo ait obtenti mi  faiblebin^ce net 
de  la  chassc  commerciale  des  mammiferes  marins.  Les  autres  utilisations,  ou  les  coflts  sont 
souvent  r^duits,  pourraient  offrir  des  profits  6conomiques  nets  substantiels,  spc^cialement  dans 
des  soci6td$  de  plus  en  plus  ais^s  ci  peupl^es;  les  profits  nets  sont  ici  ceux  qui  voni  aux 
utilisateurs,  mesures  par  un  "exoddent  du  consommateur"  Qe  prix  d'une  activity  soustrait  du 
montant  que  les  utilisateurs  seraient  disposes  i  verser)  et  !e  profit  r^ali.s^  par  ceux  qui  offrcnt  le 
service,  qui  n'aurait  pas  pu  cttc  oblenu  d'une  autre  fa^on,  ainsi  que  certains  avantages 
oolieciifs  pour  hi  soditi,  plus  diiiicites  k  mesui«r,  par  exani^e  ceux  qui  pfovienneiit  de  67 
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I'cducation.  On  pcul  suppiiscr  que  dc  ncnIlhrL■u^c^  personncs  contcniplani  Ics  mammiferes 
mahns  ne  tireraient  pas  une  !>aUsl'acUon  egak  d'auires  aciivitcs.  Les  "autres  utilisations"  des 
mammiftres  marins  ne  sont  pas  noinialement  mises  en  peril  par  une  exploitation  oonvena- 
blemcnt  gt'rcc  ct  rexploilatiim  n'csl  pas  hahilucllcmcnt  alTcct^e  par  Ics  "autrcs  utilisations".  II 
peut  tuc  utile  d'effectucr  dcs  rcchcrchcs  sur  ics  profits  neb  qui  peuvenl  dtre  retire  des  autres 
utilisations  dans  les  socUt^  ulilisant  (KjA  les  mamminies  marins  et  dans  les  pays  en  dive- 

loppCIDCllt. 

Extructo 

El  hombre  puede  aprovechar  los  mamiferos  marinos  cxplotandolos  dircclamentc  para 
oblcner  alimentos  y  ulros  productos  uso  cstc  que  ha  sido  cl  mas  comiin  a  lo  largo  de  la 
historia,  poo  que  puede  Uevar  a  una  explotacion  excesiva  — o  strviindose  dc  cllos,  indifeC' 
tamente.  para  fines  recreativns  y  cducati\<iv  (los  llaniados  "'usos  no  dcstructivos",  que  apenas 
dclcrniinan  vanacioncs  en  la  poblacion  dc  nianVilcros  marini)s).  Solosc  consiguen  bcncficios 
econdmicos  netos  cuando  los  bienes  y  servidos  producidos  son  mas  valiosos  que  ios  que  se 
oblendrian  con  vma  utilizacion  diferente  de  la  mano  de  obra  y  el  captlal  cmplcados.  En  los 
ultimos  anos  ei>  posible  que  la  explotacion  comercial  de  los  mamiferos  mannos  haya  dado 
escasos  beneficios  netos.  Los  uses  no  dcstructivos,  en  los  que  los  costos  son  a  menudo 
nunh-sios  piu-drr  dar  hcnefuinN  L-iom'imicos  netos  importanlcs.  cspccialmcntc  en  las  S(.)cie- 
dades  superpobladas  y  cada  ve^  mas  ncas  de  hoy.  Los  beneficios  netos,  en  esle  caso,  son:  los 
que  obtienen  los  usuarios,  que  se  miden  por  d  "super/lvii  de  oonsumo**  (el  precio  de  una 
actividad  dcducidd  dc  la  cantidad  que  los  usuarins  cstarian  dispucstos  a  pajzar):  liv>  t|uc 
consiguen  quienes  ofrecen  esos  servicios,  que  no  podrian  haberse  obtenido  de  otra  numcr a:  y 
algunos beneficios colsctlvos para  la  sodedad.  mis difidlesdecuantificar.oomo,  por  cjcmplo. 
Ion  beneficios  cducalivos  Sc  pucdc  suponcr  que  muchas  pcrsonas  que  tcngan  ocasion  dc 
observar  mamiferos  marinos  no  conseguiran  satisfacdones  equiparables  con  otras  activida- 
des.  Los  osos  no  dcstructivos  de  los  mamiferos  marinos  no  resultan  de  ordinario  amenazados 

por  la  cxpiolaL iiin.  ailci  d  ui  nMcntc  rcL'iiIada.  dc  csos  mamiferos  v,  a  su  vc7.  la  explotacion  no 

rcsulta  aicctada,  de  ordinano.  por  ios  usos  no  destructives.  Seria  oporiuno  realizar  estudios 
sobre  los  bmcficios  netos  que  podrian  obtenene  con  kis  usos  no  dcstructivos  en  las  sodedades 
cn  que  ya  se  utilizan  kw  mamiferos  marinos  y  en  los  paUes  en  desarrollo. 
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Uses  of  nuuine  mawwils 


Stodcs  of  marine  mammals  may  be  used 

to  generate  benefits  for  humans  in  2  ways. 
Historically,  the  most  common  form  of  utili- 
zation has  been  a  direct  one  in  wtiich  a  harvest 
is  taken  fh>m  the  available  stocks,  with  the 
catch  being  processed  into  food  and  other 
commodities  tor  human  use.  As  the  output  of 
the  economic  process  in  this  case  physically 
consists  of  materials  removed  fh>m  marine 
mammal  stocks,  this  direct  utilization  may 
subject  the  resource  to  considerable  stress.  The 
tendency  toward  over-exploitation  of  the 
stocks  and  danger  of  extinction  of  some  species 
has  been  well  documented. 

In  contrast  to  the  above  arc  the  indirect 
forms  ol  utilization.  They  occur  most  otten  m 
the  area  of  recreational  and  educational  pur- 
suits that  rely  on  observation  of  marine  mam- 
mals bv  means  of  direct  viewing  or  indirect 
media  presentation.  Such  uses  are  "low-con- 
sumptive'* in  a  material  sense.  They  place 
negligible  physical  demands  on  the  resource, 
requiring  at  most  the  capture  and  removal  of  a 
few  individuals  from  wild  stocks  for  display  in 
ooeanaria  and  other  facilities.  In  some  in- 
stances (e.g.,  whale  watching)  there  may  be  nt^ 
physical  demands  at  all  on  the  stocks'.  Ihe 
resource  remains  intact  and,  in  effect,  serves 
(Milv  as  a  catalyst  for  the  generation  of  recrea- 
tional and  educational  benefits.  The  output  of 
the  process  is  not  a  physical  product  but  an 
educational  or  recreational  service,  which  may 
weU  be  of  high  economic  value  detmite  the 
ne^gible  material  sacrifice  extracted  trom  die 
resource. 


'  It  is  possible,  of  wursc,  that  some  w  hak'-\v;itching 
activities  will  have  a  disturbing  etTcii  which  is  deleterious  to 
die  while  popahtioo. 


MeMunmeat  of  valnes 


The  significance  of  marine  mammal 

stock  utilization  may  be  measured  in  at  least  3 
ways:  through  "gross  value  of  product",  "va- 
lue added"  and  "net  economic  benefit".  The 
first  of  these  simply  measures  the  total  value  of 
the  output  of  industries  utilizing  marine 
mammals  resources  For  instance,  the  receipts 
obtained  trom  the  ^ale  of  whale  oil,  meal  and 
meat  may  be  counted  in  respect  of  direct  utili- 
zation, and  gate  receipts  for  whale  shows  in  the 
case  of  indirect  utilization  These  values  may 
then  be  compared  in  magnitude  witli  the  pro- 
duct values  of  other  industries.  It  should  be 
recognized,  however,  that  gross  values  arc  not 
an  accurate  measure  of  the  intrinsic  contribu- 
tion of  the  resource  itself.  For  the  final  product 
or  service  in  every  case  incorporates  contribu- 
tions  made  by  ct^operating  factors:  manpower 
used  in  catching  whales  or  in  maintaining 
oceanaria;  capital  equipment  used  in  manu- 
facturing oil  and  meal  or  in  constructing  and 
operating  display  buildings:  fuel  used  in 
running  vessels,  rendenng  oil  and  meal  and 
heating  and  Ugh  ting  display  areas.  Gross  val- 
ues of  the  output  of  industries  utilizing  marine 
mammals  are  simply  an  indication  of  the  eco- 
nomic size  of  the  sectors  involving  marine 
mammals. 

Another  problem  in  using  gioss  product 
values  is  that  double  counting  may  take  place 
as  between  industrial  sectors.  The  product 
value  of  sealskin  coats  sold  by  furriers  will 
incorporate  the  cost  of  purchasing  pelts  from  a 
company  operating  sealing  vessels,  which,  in 
turn,  will  include  the  cost  of  obtaining  sealing 
vessels  from  the  shipbuilding  industry.  If  the 
output  of  all  of  these  industries  is  listed  as 
marine-mammal  related,  double  or  triple 
counting  of  values  will  occur.  A  somewhat 
more  refined  comparison  of  values  may  be 
obtained  by  using  a  form  of  net  measurement 
that  considers  only  the  "value  added"  bv  each 
industry  sector.  Thus  the  t  urner  would  be  cred- 
ited only  with  the  value  of  coats  sold  minus 
the  cost  of  pelts.  The  sealing  vessel's  oontribu-  69 
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tion  w  ould  be  recorded  as  the  value  of  pelts 
sold,  nunus  the  cost  of  equipment,  fuel  and 
other  materials  used.  The  "value  added" 
measure  nets  out,  for  each  sector,  the  cost  of 
materials  and  services  obtained  from  other 
sectors.  In  the  final  analysis  it  measures  the 
contribution  made  by  the  sector  itself,  whidi  is 
reflected  in  income  graemted  for  the  workers, 
owners  and  investors  of  the  sector  concerned. 

The  third  and  most  refined  measure  of 
the  contribution  made  by  marine  mammals  is 
obtained  by  calculating  Uie  net  economic  ben- 
efits resulting  from  their  utili/alion.  In  this 
context  it  must  be  recogni/ed  that  any  labour 
and  capital  that  is  not  devoted  to  cafrturing, 
processing  or  displaying  marine  mammals, 
may  be  applied  to  other  economic  endeavours 
—  producing  goods  and  services  of  other  kmds 
that  are  clme  or  remote  substitutes  for  pro- 
ducts and  services  obtained  from  marine 
m:immal  stocks.  In  the  final  analysis,  the  use  of 
marme  mammals  is  making  a  net  economic 
contribution  only  to  the  extent  that  goods  and 
services  are  being  produced  that  are  of  higher 
value  than  those  that  would  result  from  the 
alternative  use  of  the  labour  and  capital  em- 
ployed. In  measuring  the  net  economic  bene- 
fits of  any  commodity  or  serv  ice  obtained  from 
marine  mammals,  it  is  therefore  necessary  to 
subtract  the  value  of  alternative  production. 

The  measurement  of  net  economic  boi- 
efits.  whether  they  are  obtained  from  direct 
or  indirect  utilization  of  marine  mammals,  is  a 
diflicull  undertaking.  However,  considering 
tiie  nature  of  the  resource  utilization  process 
and  the  products  obtained,  some  intuitive 
comparisons  may  be  made.  In  the  case  of  di- 
rect physical  utilization  of  marine  mammal 
slocks,  the  net  economic  benefits  consist  of  the 
value  to  consumers  of  the  physical  products 
obtained  minus  the  costs  incurred  in  produc- 
ing this  output.  For  many  marine  mammal 
products  (oil,  meal,  meat)  there  appear  to  be 
reasonably  close  substitutes  available  at  com- 
petitive prices.  When  this  is  so,  the  value  to 
consumers  of  marine  mammaJ  products  is 
simply  measured  by  what  they  pay  for  these 
products  and  no  moft,  as  they  have  the  alter« 


native  of  switching  to  ready  alternatives  at 
equivalent  prices.  The  costs  of  obtaining  ma- 
rine mammal  products  are  reflected  in  man- 
power time,  materials  and  equipment  utilized 
in  the  production  process.  The  inputs  arc  a 
measure  of  the  capacity  to  produce  alternative 
goods  of  value  to  sodety  that  are  thus  sacrific- 
ed by  devoting  them  to  marine  mammal 
catching  and  processing.  Onlv  to  the  extent 
that  these  inputs  can  achieve  a  more  valuable 
output  in  marine  mammal  harveslmg  than  in 
other  uses  are  any  net  economic  benefits  gen- 
erated. 

it  would  seem  evident,  if  one  considers 
the  withdrawal  in  recent  times  of  one  fleet  after 
another  jmdet  pressure  of  sub-marginal  re- 
turns, that  marine  mammal  harvesting  is  only 
marginally  viable  in  economic  terms.  This  is 
not  surprising,  in  view  of  die  luiversal  expe- 
rience that  the  unmanaged  exploitation  of 
international  marine  resources  (that  arc  in  the 
nature  of  a  "common  property")  tends  toward 
dissipation  of  any  net  economic  benefits,  ben- 
efits that  could  be  obtained  as  a  ''resource 
rent"  if  harvesting  competition  were  restrained 
and  effort  Umited  to  that  yielding  best  returns. 
It  may  be  assumed,  that  under  recent  condi- 
tions of  exploitation  the  harvesting  of  marine 
niamtnal  stocks  has  been  conducted  at 
break-even  level,  yielding  little  of  the  surplus 
returns  that  would  indicate  positive  net  eoo- 
nomic  benefits.  While  an  economically  ratio- 
nal international  harvesting  regime,  limited  to 
optimum  ctlori,  might  well  aUow  for  signifi- 
cant net  economic  benefits  from  marine 
mammal  exploitation,  little  net  benefit  ap- 
pears to  have  been  obtained  in  the  recent  past.' 

There  are  reasons  to  speculate  that 
low-oonsumptive  uses  of  marine  mammal  re- 
sources could  yield  suKstantial  net  economic 
benefits  in  relation  to  the  scale  of  utilization. 


2  It  may  well  be,  however,  thai  during  ihe  last  few  years, 
when  high-seas  whaling  Operations  have  b€en  severely  hnnicd 
and  confined  abnoat  entirely  to  two  countries  (liie  USSR  and 
Japan)  that  some  regenentioo  of  net  economic  benefits  kas 
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Net  economic  benefits,  here,  should  be  mea- 
sured by  the  value  of  the  recreational  or  edu- 
cational opportunities  enjoyed  by  users  minus 
the  necessary  economic  costs  of  producing 
these  opportunities.  The  costs  are  often 
modest,  consisting  of  private  travel  expenses  to 
reach  viewing  sites,  access  fees  to  viewing  fa- 
cilities, or  costs  of  educational  materiak.  Be- 
cause of  the  uniqueness  of  the  experience  of 
marine  mammal  observation,  it  may  be  as- 
sumed that  many  users  will  not  experience 
equivalent  satisfaction  from  alternative  activi- 
ties available  to  them.  The  full  value  to  users  of 

marine  mammal  observation  experiences  may 
be  estimated  by  the  "wiilingness-to-pay"  cri- 
terion, showuig  how  much  they  would  be  pre- 
pared to  sacrifice  from  their  disposable  income 
if  they  had  to  in  order  to  gain  access.  Estimates 
of  willingness  to  pay  may  be  secured  throu^ 
surveys,  including  those  based  on  differential 
expenditure  tests.  Net  benefits  to  asers  are 
measured  by  how  much  users  would  be  willing 
to  pay  minus  how  much  they  actually  have  to 
pay.  The  difference  is  a  net  lienefit  in  the  form 
of  **consumer's  surplus".  There  may  be  addi- 
tional net  benefits  for  operator'^  of  <Hean;iri;) 
and  observation  vessels  and  for  wild  animal 
collectors,  to  the  extent  that  their  net  receipts 
exceed  the  incomes  they  could  expect  to  earn 
in  alternative  employment  of  their  labour  ef- 
fort and  capital  investment. 

Some  benefits  in  the  educational  area 
may  be  of  a  collective,  rather  than  individual 
nature.  Fducating  the  populace  regarding  the 
natural  world  may  have  diffuse  benefits  for 
society  in  making  it  more  harmonious  and  gen- 
erally more  efficient  in  creating  and  enjoying 
values  derived  from  the  natural  environment. 
While  one  may  despair  of  iry  uig  to  measure 
the  net  benefits  thus  created,  there  may  be 
good  reasons  \o  speculate  that  th^  are  real 
and  positive  in  nature. 

It  IS  useful  to  consider  that  the  low-con- 
simiptive  indirect  utilization  of  marine  mam- 
mal resources  usually  can  be  achieved  with 


little  or  no  conflict  with  the  direct  utilization  of 
stocks  through  commercial  har\esting.  Partic- 
ularly if  commercial  harvests  are  kept  within 
the  limits  of  maximum  sustainable  yields, 
plenty  of  individuals  will  remain  for  low-con- 
sumptive u.scs.  The  demands  of  the  latter  usu- 
ally are  trivial  in  their  effect  on  stock  abun- 
dance for  commercial  harvesting. 

Some  unusual  opportunities  may  exist 
for  low-consumptive  use  of  marine  mammals 
through  various  forms  of  domestication  and 
task  performance.  The  exceptional  intd%oice 
of  cetaceans  may  be  an  a.sset  in  this  respect. 
Retrieval  of  valuable  equipment  at  sea  by 
trained  dolphins  is  an  example.  The  proposal 
to  use  manatees  for  weed  clearance  of  water- 
ways is  another  case  of  domesticated  use  that 
may  be  considered. 

In  societies  that  are  becoming  both 
increasmgly  affluent  and  crowded,  the  poten- 
tial benefits  from  the  availability  of  additional 
recreational  opportunities  are  substantial.  In 
this  context  the  development  of  additional 
facilities  to  view,  or  odierwise  experience,  ma- 
rine mammal  activities  may  create  consider- 
able net  benefits  for  socictv.  As  coast;;!  stocks 
of  marine  mammals  usually  are  in  the  nature 
of  common  property  resources  under  the  ju- 
risdiction of  public  authorities,  a  more  exten- 
sive utilization  of  these  resources  for  low-con- 
sumptive recreational  purposes  may  be  consid- 
ered a  matter  of  pubhc  concern.  Accordingly, 
public  agencies  may  be  urged  to  spon.sor  re- 
search designed  to  ascertain  the  magnitude  of 
the  net  benefits  to  society  that  arc  currently 
being  generated  by  the  low-consumptive  uses 
ofmannemammal  stocks  and  the  potential  tor 
generation  of  further  net  benefits  by  the  devel- 
opment of  additional  opportunities  in  this 
area.  A  particular  aspect  that  might  be  ex- 
plored at  the  international  level,  is  the  need  for 
educational  and  research  facilities  regarding 
marine  mammals  in  developing  countries  and 
the  appropriateness  of  devoting  aid  funds  to 
the  development  of  such  facilities. 
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ASPECTS  OF  DETERMINING  THE  STOCK  LEVEL 
OF  MAXIMUM  SUSI AINABLE  YIELD 


SJ.  Holt 


Abatnaa 

This  p  iper  examines  the  need  for  precise  knowledge  of  the  reproduction  curve  in  the 
esiinialion  Irom  biological  data  of  the  stock  level  producing  maximum  sustainable  yield 
(MSY).  To  this  «nd,  a  number  of  algebraic  fiinctions,  which  have  been  suggested  or  used  to 
graduate  data  for  stock  si/e  anc)  rccruitmen!.  are  examined  alonj;  with  their  reproduction 
curves,  h  seems  unlikely  thai  the  MSY  level  could  be  deduced  from  these  reproduction  curves, 
even  with  excdlentdala,  with  leas  than  a  20*30  %  anx. 

L'auteur  montre  qu'il  est  ndcessaire  de  oonnaltre  avec  precision  la  courbe  de  reproduc* 
tion  pour  esttmer,  i  partir  de  donndes  biologiques.  le  niveau  dc  stock  assurant  le  rendement 
maxima]  soutenu  (MSY).  A  cette  fln.  il  examine  plusieurs  fonctions  algdbriques  qu'on  a 
employies — o«  sugg^ri  d'employer  —  pour  graduer  les  donndes  relatives  aux  lailles  de  siodc 

ct  at!  rccnitement,  ct  prdsente  les  courbcs  dc  reproduction  correspondantes  Cev  ci^urbcs 
menic  en  uulisani  des  donnees  excellentes, scmblent  peu  suscepiibles de  permctirc  de  caiculcr 
le  niveau  assurant  le  MSY  avec  moins  de  20  ou  30  pour  cent  d'erreur. 

Extracw 

Sc  examina  la  nccesidad  dc  disponcr  dc  com  cimicntos  cxaclos  sobrc  la  curva  dc 
reproduccion  para  eslunar,  a  pariir  de  dalos  biologicos,  el  nivel  de  poblacidn  que  pcrmite 
obtener  d  rendimtento  miximo  sostenible  (RMS).  A  tal  fin  se  examinan  varias  ftinciones 
algebraicas  que  se  han  sujjeridu  o  utilizado  para  claborar  los  datos  st)bre  poblacion  y  rcclu- 
tamiento,  asi  como  sus  curvas  de  reproduccion.  Parece  poco  probable  que  a  partir  de  csas 
curvas  de  reproduocido,  induso  diqxmiendo  de  datos  excdenies,  sea  poctUe  dedudr  d  nivel 
de  lendimienlo  miximo  sostenible  oon  un  enor  de  menos  dd  20-30  por  dento. 
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General  theoretical  cmttMcntknis 


In  the  literatme  of  fishery  science  it  has 

frequently  been  asserted  or  implied  that  if  the 
curve  of  recruitment  against  stock  si/e  is 
known  then  the  state  of  a  stock  can  be  assessed 
witii  respect  to  management  for  maximum 
sustainable  yield  (MSY).  This  is  true  in  theory 
Tor  numerical  assessments  if  the  coefficient  of 
adult  natural  mortality  is  not  considered  to  be 
density-dependent 

Thus  Doi  (197.^)  emphasizes  "that  it  is 
possible  to  estimate  the  maximum  sustainable 
yield,  to  diagnose  the  population  status  and  to 
determine  a  management  course,  judging 
from  a  reproduction  curve".  It  is  not  com- 
monly realized,  however,  just  how  precise 
knowledge  of  the  reproduction  curve  has  to  be 
for  useful  estimation  of  MSY  stock  level  from 
data.  My  purpose  here  is  to  demonstrate  this 
graphically.  To  this  end  1  have  examined  a 
number  of  coounoniy  adopted  algebraic 
functiotts  which  have  Men  suggested  or  used 
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Fig.  2.  -  Mid<«eciion  of  Fig.  I,  scales  extended. 


to  graduate  data  for  stock  and  recruitment, 
and  calculated  the  curves  of  sustainable  yield 

against  stock  size  that  they  imply.  I  have  also 
calculated  the  stock  recruitment  functions  im- 

J>Ued  by  a  number  of  commonly  adopted 
brms  of  sustainable  yield  curve. 

The  resulting  reproduction  curves  are 
shown  in  Fig.  I.  For  illustration  all  functions 
have  been  reduced  to  a  one  parameter  form. 
Stodc  size,  P,  is  expressed  as  a  fraction  of  **ini- 
tial**  (unexploited)  equilibrium  stock.  Re- 
cruitment, R,  is  likewise  expressed  as  a  fraction 
of  the  level  of  recruitment  to  the  uncxploiicd 
stock.  The  value  of  the  single  parameter  is 
taken,  in  each  case,  such  that  the  recruitment 
at  half  the  initial  stock  level  is  three-quarters  of 
the  recruitment  at  miiial  level.  This  is  an  arbi- 
trary value,  but  the  condusicms  are  essentiaUy 
the  same  if  other  values  are  assumed.  This 
value  happens,  however,  to  correspond 
roughly  with  that  implied  by  a  number  of 
vihaik  stock  aisessments.  The  natural  mortality 
coefficient  is  assumed  constant. 
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DETERMINING  THE  STOCK  LEVEL  OF  MSY 


Tlius,  all  the  Teproductkm  corves  pass 
through  the  points: 

P-0  R- 0 

P  =  0.5  R  «  0.75 

p  .  1.0  R  «  1X> 

and,  of  course,  predict  the  same  sustainable 
yield(SY)forP«=  0  5. 

Elicept  perhaps  for  the  extremes  of 
functions  irom  Cushing,  and  from  Pella  and 
Tomlinson  (n  =  4)  (see  legend  to  Fig.  1)  these 
curves  are  dose  to  each  other  m  their  middle 
range.  It  is  d(nihtriil  if.  being  fitted  to  data, 
discrimination  among  them  would  be  possible. 

The  MSY  stock  level  is  the  value  of  P  for 
which  the  tangent  to  the  reproduction  curve 
has  a  slope  of  45",  i.e.,  is  parallel  to  the  diago- 
nal line,  in  fable  I  the  calculated  values  of  P^v 
are  listed,  with  the  corresponding  MSY  values 
expmscd  as  a  multiple  of  the  MSY  for  the 
logistic  model,  Le.,  the  SY  for  P  —  0.5. 

The  possible  range  of  P„,  under  the 
particular  restraints  here  applied  is  zero  to 

0.5/075  =  0.66  (see  Chapman,  1973.  and 
Larkin,  1^73.  for  discussion  of  non-paramctnc 
models).  It  seems  unlikely  that  the  MS\  level 
could  be  deduced  from  excellent  data  for  a 


TaMc  1.  (  alculaU'd  vAiuts  of       wilh  corresponding  MSY 
miMples  for  the  loflidc  nwM 


Rep.  runciion 

MSY 
(relative  to 
logislic) 

A  Cusbing 

0.22 

I..140 

B  Beverton  ft  Holt 

Ol37 

1.072 

C  Chapman 

0.41 

1.032 

D  Doi 

0.44 

1.01 1 

E  Rickcr 

0.4S 

1.012 

F  From  logistic 

0,S0 

1.000 

G  1  rom  Pella  & 

Tomlinson.  n  "  3 

0.S8 

1.026 

H  From  Pella  & 

TomBnson,  n  •  4 

0j63 

I.OSO 

0 

2i» 

Extrtma 

0.66 

1J3 

TaHe  2.  Implications  of  reproduction  function  for  scales  of 

fishing  mortalit)  and  effort,  and  critical  vitlups 


A 

oa 

2.85 

00 

0.18 

B 

4.00 

1.45 

2.78 

0.34 

C 

240 

1.26 

1.90 

0.40 

D 

2.72 

1.50 

1.81 

E 

2.50 

1.12 

2.22 

I  I  45 

F 

2.CKJ 

2.00 

100 

U.50 

G 

1.32 

O.Kg 

1.51 

0.57 

H 

1.14 

0.86 

1.33 

0.58 

reproduction  curve  with  less  than  20%  error 

and,  I  suspect,  not  even  w  ilhin  30%  error  in 
practice.  It  should  be  noted  that  the  value  of 
MSY  does  not  (with  the  exception  of  the 
Gushing  function)  vary  more  than  a  few  per- 
cent; it  is  always  somewhat  higher  than  pre- 
dicted by  the  .symmetrical  logistic,  the  diver- 
gence increasing  as      moves  away  from  0.5. 

There  are,  of  course,  more  discriminat- 
ing methods  of  analysing  stock  recruitment 
data  -  by,  for  example,  the  common  method 
of  plotting  r  -  M  against  P,  where  r  =  R/P. 
Nevertheless,  if  any  mathematical  expression, 
linear  or  other,  as  fitted  to  such  data,  the  level 
of  MSY  predicted  depends  essentially  on  the 
properties  of  that  expression.  If  the  data  are 
graduated  by  eye  then  the  location  of  the  tan- 
gent can  only  be  judged  very  approximately. 

Cushing  (1973)  has  examined  the  varia- 
bilit\  ofa  sustainable  vield  curve  derived  from 
the  kicker  reproduction  function,  and  using 
data  for  ncntheast  Atlantic  cod.  If  he  had  not 
assumed  this  particular  form  of  the  cur\'e  of  R 
against  P  but  fitted  others  which  give  no  worse 
fits  to  his  data  (e.g.,  the  logistic)  he  would  have 
deduced  a  considerably  greater  unCMtainty  in 
locating  the  sustainable  yield  curve,  and  dif- 
ferent values  for  the  sustained  fishing  mortal- 
ities required  for  MSY  or  for  stock  extinction. 
Gushing  plots  his  sustainable  yield  against  the 
intensity  of  fishing;  in  Table  2  arc  listed  critical 
values  of  relative  fishing  effort  for  the  models 
here  examined.  75 
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This  table  lists  the  \  alucs  of  fishing  efTort 
which  would,  if  sustained,  p\c  MSY  and  those 
which,  theoretically  lead  to  extinction  of  the 
stock  (fert)  both  expressed  as  ratios  of  the  effort 
which  would  h(^Id  ihe  stock  at  half  its  initial 
si/.c  (fos).  Ihc  restraints  are  the  same  as  in 
Table  1. 

Compare  the  last  column  in  Table  2  with 
in  Table  1. 


SoKie  conequences  for  whale 
umls 


Data  for  whale  remiitment  present  fur 
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THE  OPIIMIZAlIOiN  OF  MANAGEMENT  STRATEGY 
FOR  MARINE  MAMMALS 
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Akaoaet 

AgrccniL-nt  on  ohjcctivcN  in  marKU'inj:  marine  mammals  is  diffituti  OhjccnsL-v  t.iti  He 
expressed  in  terms  of  yield  ur  population  level.  It  is  advantageous  to  use  yield  because  a  is  the 
direct  object  of  exploitation:  it  can  be  easily  measured  and  it  is  simply  handled  in  mathema- 
tical niixicls.  Maximum  suslainablc  yield  (MSY )  w  as  ihc  and  most  widcK  objcclive. 
Some  cnticisms  of  it  have  mistaken  failures  m  its  application  for  limitations  in  the  concept. 
Other  criticisms  have  claimed  that  it  does  not  take  account  of  all  factors  which  affect  repro- 
(.liKiion  and  morialitv.  uliioli  it  does  do  implicitly.  On!\  i\«.cnil\  has  MSY  in  wciphi.  rather 
than  in  numbers  of  animals,  been  considered  for  marme  mammals;  the  difference  m  popu- 
lation levels  producing  these  is  probablv  much  less  for  marine  mammals  than  for  fish.  A 
maximum  economic  yield  can  also  he  lormulatcd;  it  is  produced,  for  a  population  in  a  steady 
State  and  in  the  absence  of  an  economic  discount,  at  a  population  level  above  that  j^vin^  MSY. 
It  is  harder  to  define  objective  in  terms  of  optimum  pttpulation  leveb.  One  criterion,  that 
populatioiis  not  be  reduced  tt)  a  level  which  will  disturb  the  "health"  of  the  ecosystem,  is 
especially  difTlcull  to  interpret.  Changes  already  caused  by  man.  natural  continuous  change 
caused  largely  by  climate  and  the  possibility  that  several  alternative  states  could  exist  in  a 
single  system,  all  make  what  l^  meant  by  a  "healthy"  ecosystem  vt  r\  uiuiear.  Another 
suggestion  is  that  populations  be  kept  at  a  level  which  can  be  changed  easily  so  that  new 
objectives  of  either  yield  or  population  level  can  be  met  in  the  future.  Analysis  of  exploitation 
of  o  iKpcting  species  or  of  species  one  of  which  eats  the  other,  is  especially  difllcult  because  of 
lack  uf  adequate  models  and  data.  Such  analyses,  when  they  do  become  possible,  must  take 
account  uf  economic  as  well  as  biological  factors. 

Once  yield  or  population  level  criteria  are  chosen,  the  population  level  which  meets 
these  criteria  and  the  pattern  of  catches  and  protection  necessary  to  move  to  this  level  from  the 
current  ptipulation  level,  must  be  determined.  .Analvsis  of  (he  relation  of  population  size  to 
total  and  net  numbers  of  recruits  and  to  gross  and  net  recruitment  ^atcs  in  two  stock -recruit- 
ment models  with  different  MSY  levels,  indicates  that  the  value  of  MSY  and  the  population 
level  producing  it,  can  probably  best  be  determined  from  estimates  of  recruitment  rates  from 
age  composition  data  or — though  longer  time  series  of  data  are  needed  —  from  estimates  of 
sustainable  yield. 

in  addition  to  identification  of  an  optimum  population  and  of  means  to  bring  the 
population  to  this  level,  other  requirements  of  a  saiistaciory  programme  to  manage  marine 
mammals  can  be  given.  Firstly,  there  should  be  safeguards  to  prevent  harm  to  the  population 
and  its  ecosystem  due  to  errors  in  assessment  Next,  the  population  should  be  brought  to  its 
optimum  level  as  rapidly  as  possible  butwithout  major  changes  m  effort  that  could  disrupt  the 
industr}  .  Lastly,  in  order  to  improve  uncertain  estimates  of  abundance,  vital  rates  and  \ield, 
populations  should  be  exploited  so  that  data  can  be  collected  over  a  substantial  range  of  77 
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population  si/c^  The  "new  management  promlurc"  of  the  Iniernalion;iI  Whaling  Conmiis- 
sion,  under  which  the  optimum  level  is,  for  the  time  bemg,  defmed  as  that  giving  MSY,  meets 
these  requirements  fairfy  saii&factorily.  Its  main  weakness  relates  to  the  last  requirement  given 
above. 

II  est  difilcile  de  panenir  a  un  accord  sur  les  objectifs  de  I'amenasement  des  mam- 
mifercs  marins.  Les  objeciifs  peuvcnt  s'exprimer  sous  forme  de  rendement  ou  de  niveau  de  la 
population.  II  est  avantageux  dtitiliMr  le  rendement  parcc  qu'il  est  Tobjet  direct  de  I'exploi- 
tation.  il  peut  tire  facilemeot  mesuri  et  il  est  d'un  maniement  facile  dans  les  modeles 
mathimatiques.  Le  rendement  maximal  soutenu  (MSY)  a  dt6  le  premier  et  Ic  plus  largemcnt 
utilis6  des  objectifs.  Certaines  des  critiques  qui  I'ont  vise  ont  confondu  erreurs  d'application  ei 
limitations  du  concept.  D'autres  critiques  ont  assure  qu'il  ne  tient  pas  compte  de  tons  Ic^. 
facteur*.  qui  (ffceicnt  la  reproduction  el  la  mortahte  —  alors  qifil  Ic  fait  implieitement.  Ce 
n  csi  que  reccmmcni  qu  on  a  considere  le  MSY  en  poids,  plutot  qu'en  nonihrc  d'animaux, 
pour  les  mammif^res  marins.  La  difT6rence des niveauxde  population  qui  se  trouve  a  la  source 
est  prohablcment  bien  moindrc  pour  les  mammiferes  marins  que  pour  les  poissons  On  peut 
aussi  formuler  un  rendement  maximal  economique;  il  est  produit,  pour  une  population  se 
trouvant  dans  un  <lat  stable  et  en  Tabsenoe  d*une  actualisation  6conomique,  A  un  niveau  de 
pnpiilaiion  siipcricur  a  cclui  qui  donne  le  MSY.  II  est  plus  difficile  de  dcMlnir  les  objectifs  sous 
lormc  dc  niveau  de  population  optimal.  II  est  specialement  difficile  d'lntcrpreter  un  crilire,  k 
savotr  que  les  poputeiions  ne  doivent  pas  6tre  rtduites  A  un  niveau  mettant  en  p^ril  la  "^nti" 
dc  reeosvsteme.  I  cs  chantzements  deja  provoques  par  Thomme.  le  chaiiizement  naturel  con- 
tinu  dCk  sunoul  au  climat  et  la  possibilite  qu'U  puisse  exister  piusieurs  ^lau  dans  un  m£mc 
feosystime  contribuent  A  lendre  fort  peu  dair  le  concept  d'ioosystime  "en  bonne  santi**.  On 
dit  aussi  que  les  populations  devraient  etre  maintcnues  a  un  niveau  qui  puisse  elre  change 
facilement  afm  que  de  nouveaux  objectifs  de  rendement  ou  de  niveau  de  population  soient 
rdalisables  i  I'avenir.  L'analyse  de  I'exploitation  d'espices  concurrentes,  ou  d'especes  dont 
Tune  se  nourril  dc  I'autre.  est  specialement  difUlcile  en  raison  <le  Tabscncc  Je  modeles 
adequats  et  de  donndes.  Ces  analyses,  quand  elles  deviendront  possibles,  devront  tenir  comple 
des  facteuTS  teonomiques  comme  des  facteun  biologiques. 

Quand  on  a  choisi  les  criieres  de  rendement  ou  de  niveau  de  la  population,  il  convient  de 
determiner  le  niveau  de  population  r^pondant  a  ces  entires  et  le  mode  de  capture  ct  de 
protection  nik:essaircs  pour  attcindre  ce  niveau  partir  du  niveau  de  population  courant. 
L'analyse  de  la  relation  entre  Timporiance  de  la  population  et  le  nombre  total  et  net  de  recrues 
ct  les  taux  de  rccrutement  bruls  cl  nets  dans  deux  niodiMes  de  reerutemeni  de  stock  avec  des 
niveaux  differents  du  MSY  mdique  que  la  \aleur  du  MSY  et  du  niveau  de  pt)pulation  qui  le 
produitpeutprobablement  etre  determinee  au  mieux  a  partir  des  estimations desdonn6es par 
^ges  ou  -  bien  qu'il  soit  neeessairo  de  poss6der  des  series  de  donn6e$  portantSUr  un  temps 
plus  long  —  a  partir  d'estimalions  du  rendement  soutenu. 

Outre  I'identification  d*une  population  optimale  et  des  moyens  de  Tamener  k  ce  niveau, 
on  peut  foumir  les  uifres  elements  requis  pour  un  programme  satisfaisant  d'exploitation 
rationnelle  des  manunitercs  marins.  En  premier  lieu,  il  doit  existcr  des  garanues  pour  CMter 
que  la  population  el  son  ^oosystime  aient  i  souffHr  d'emufs  d'tvaluation.  Ensuite,  la 
population  devrait  etre  pnirtec  le  plus  rapidcmeni  possible  a  son  niveau  oplin^:!  n  ;!is  sans 
changements  majeurs  d'effort  qui  pourraient  bouleverser  I'lndustne.  Enlin,  pour  anieliorer 
certaines  estimations  inceftatnes  de  I'abondance,  des  taux  biologiques  et  du  rendement,  les 
populations  devraient  etre  exploitces  de  telle  manicre  que  les  donnces  puisseni  etre  ras- 
semblees  sur  une  gamme  subslantielle  de  tallies  de  population.  La  "nouvelle  procedure 
d'amdnagement"  de  la  Commission  intemationale  baleinidie  d'apr&s  laquelle  le  niveau  opti- 
78      ma!  est,  pour  IMnstant,  difini  comme  oelui  qui  foumit  le  MSY  ripond  k  oes  demandes  de  fa^on 
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:i  ML-  ■  satisfaisantc  Son  principal  point  faible  coooenie  le  dernier  diment  requis  mendonni 

ci-dessus. 


Extmcto 

Es  diftcil  llegar  a  un  acuerdo  sobre  los objetivos  que  han  de  persecuirse  con  la  regulacidn 

de  la  explolacion  de  los  mamiferos  marinos.  Los  objetivos  pueden  expresarse  en  rendimiento 
o  nivel  de  la  poblacidn.  Utilizar  oomo  objeiivo  el  rendimiento  resuUa  ventajoso,  ya  que 
constituye  ei  objeto  directo  de  la  explotaddn,  es  ficil  de  medir  y  su  utilizacidn  en  los  modelos 
malemalicos  no  resultaoomplicada.  HI  primer  obJclivo,  y  el  misamplianicnte  utili/ado.  fiie  el 
rendimiento  maximo  sostenible  (RMS).  Algunas  de  las  cr'iticas  que  se  han  hecho  a  este 
objeiivo  han  confundido  los  errorcs  en  su  aplicacion  con  limilaciones  del  conccpto  mismo. 
Otras  criticas  dicen  que  esc  contcpto  no  tiene  en  cuenia  todos  los  factores  que  influyen  en  la 
reproduccion  v  la  mortalidad.  co*.;!  que  <\  hace  implicitamentc.  Solo  recicnicnH^nti;'  -c  ha 
aplicado  a  los  mamiferos  mannos  cl  RMS  en  peso,  en  vez  de  en  niimcros  de  amruaio;  la 
direrencia  en  los  niveles  de  poblacion  que  permiten  oblener  esos  dos  tiposde  rendimiento  es 
probaMemente  mucho  menor  en  c!  c.im)  do  los  mamiferos  marinos  que  en  el  caso  de  los  peces. 
Tambicn  se  puede  formular  el  conccpto  dc  rendimiento  cconumico  maximo;  en  una  pobla- 
cidn estabte  y  sin  apiicar  prindpios  de  actualizacidn  econ6mica,  dicho  rendimiento  se  obtiene 
con  un  nivel  dc  poblacion  superior  al  ncccsari  i  p  ir  i  oblener  el  RMS.  Mas  dificii  resulta 
dcfinir  objeiivosen  funcidn  del  nivcl  opiimo  dc  poblacion.  Uno  de  los  chierios  que  se  uiilizan 
— que  la  poblaci6n  no  se  reduzca  a  un  nivel  que  trastome  el  "buen  estado"  del  ecosistema  — 
plantea  dificultades  especiales  de  inlerpretacion  I  os  cambios  ya  determinados  por el  hombre, 
los  cambios  naturalcs  coniinuos  debidos  en  bucnu  parte  al  clima,  y  la  posibilidad  dc  que  cn  un 
sbtema  puedan  darse  varias  dtuaciones  altemativas,  son  todos  elementos  que  hacen  que  sea 
muy  poco  claro  lo  que  se  entiende  por  ecosistema  "en  buen  estado".  Otra  idea  que  se  sugiere 
es  manlener  la  pobladdn  a  un  nivcl  que  pucda  modiricarsc  facilmcnic  dc  mancra  que  cn  cl 
futuro  puedan  conseguirse  nuevos  objetivos.  bien  de  rendimiento  o  de  nivel  de  poblacion.  Los 
analisis  de  la  explotad6n  de  especies  competidoras.  o  de  especies  una  de  las  ciialos  >.o  ilinienta 
de  la  otra,  resultan  especialmente  dificiles.  p<>r  faiia  de  modelos  y  datos  adecuados.  Ln  esos 
analisis,  cuando  son  posiblcs.  hay  que  tcner  en  cucnta  factores  tanto  eeonomicos  como 
biol6giGos. 

Una  ve/  que  sc  han  clegido  como  criterio  el  rendimiento  o  el  ni\c!  dc  poblacion.  es 
prcciso  determinar  el  nivel  de  poblacion  que  responde  a  esos  critenos  y  el  volumcn  de  captura 
y  las  medidas  (Motectivas  que  son  neoesarUu  pan  oonseguir  alcanzar  ese  nivel  a  partir  del  nivel 
prcsenic  dc  pobIaci6n.  L'n  analisis  de  la  relacion  cntrc  c!  volumen  dc  la  poblaci6n  por  un  lado. 
y  el  niimero  totaly  neto  de  reciutasy  los  indices  bruto  y  neto  de  reclutamiento,porotro,  en  dos 
modelos  de  redutamiento  con  distintos  niveles  de  RMS,  indica  que  probablemente  la  mejor 
mancra  de  determinar  el  valor  del  RMS  y  el  nivcl  dc  poblacion  que  i"-  mn  irio  para 
conscguirlo  cs  eslimar  los  indices  dc  rccluiamiento  a  partir  de  datos  sobre  la  coinposicion  por 
edades  o  a  partir  de  estimadones  del  rendimiento  sostenible,  aunque  en  este  6ltimo  caso  se 

neccsita  una  scric  cronolo^ica  dc  datos  hki'.  larL'a. 

Adcmasde  indicarel  nivel  opiimo  de  pobladony  losmetodosque  han  dc  .iplicarse  para 
que  la  poMacidn  alcanoe  ese  nivel,  son  necesarios  otros  requisitos  fuira  que  \)n  programa  de 
ordenaci6n  de  mamiferos  marini)s  resulte  satisfactorio.  Ante  todo,  debe  habcr  las  salvaguar- 
dias  necesanas  para  evitar  que  la  poblaci6n  y  el  ecosistema  en  que  vive  resuiten  perjudicados 
poreventualeserroresdecvahiacidn.  Ensegundo  lugar.  hay  queelevartapoblad6nasuntvel 
6ptinio  lo  mas  rdpidamente  posible.  pero  sin  cambios  importantes  en  el  esfuerzo  de  captura. 
que  podrian  trastomar  la  industria.  Por  ultimo,  para  mejorar  las  estimadones  de  la  abun- 
dancia,  los  indices  vilales  y  el  rendimiento,  es  preciso  explotar  la  poblad6n  de  manera  que  sea 
podble  reooger  datos  con  la  poblackiti  a  distintos  niveles.  El  *^ttevo  pfocedimienlo  de  79 
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ordcnacicSn"  dc  la  Comision  Ballcncra  Iniernatitinal.  en  el  ciial  cl  ni\  el  I'lptimose  Jefmc.  p'T 
el  motnento,  como  el  que  pcrmile  alcanzar  cl  R\fS,  rcspondc  basiantc  salislactormmcnlc  a 
cstos  requisitost  exceptuado  el  filtiino  de  ellos. 


K.R.  Atten 

Division  of  Fisheries  andOceanogn^fy,  CSIRO,  P.O.  Box  21,  CronuUa,  NSW  2230,  Australia 


Divenity  of  broad  otajlectiTes 


Extremely   diverse   pressures  afTect 

administrators  concerned  with  management 
and  conservation  of  natural  resources,  even 
within  the  idatively  narrow  field  of  marine 
mammals.  These  pessures  indude  political, 
economic  and  sooal  factors,  and  frequently 
conflict  with  scientific  recommendations. 
Hins,  although  we  may  hope  to  make  sub- 
stantial progress  in  analysing  the  various  ob- 
jectives for  which  people  seek  to  manage  ma- 
rine mammals  and  m  identifying  the  conse- 
quences implicit  in  them,  there  is  little  reason 
to  believe  thai  general  agreement  can  easily  be 
achieved  on  a  single  universally  applicable  set 
of  objectives  which  will  lead  in  turn  to  a  set  of 
fl^feed  broad  management  strategies. 

It  has  recently  become  almost  as  fa- 
shionable to  decry  the  use  of  maximum  su- 
stainable yield  (MSY)  as  a  target  in  the  ma- 
nagement of  living  resources,  as  it  was  at  one 
time  to  use  it  as  the  almost  universal  objective. 
However,  much  of  the  criticism  which  has 
bom  aimed  at  the  use  of  MSY  as  a  manage- 
ment objective  confuses  hmitations  in  me 
concept  itself  with  failures  in  its  application. 
Many  of  the  failures  in  management  of  re- 
sources which  have  been  laid  at  the  door  of 
MSY  have  been  either  caused  by  incorrect  re- 
commendations made  by  scientists  seeking  to 
apply  the  concept  but  hampered  by  inade- 
quate data,  or,  probably  more  often,  by  the 
failure  of  administrators,  nationally  or 
miemationaUy,  to  act  on  the  recommenda- 


tions of  the  sdenttsts  even  when  these  were 

correct. 


Optimum  yield  or  optimum  population 

KVcl 


In  seeking  a  defmiiion  of  the  optimum 
tar|et  for  management,  ttie  first  didiotomy 
which  is  faced  is  between  the  criteria  that  re- 
late to  the  population  level  and  those  that  re- 
late to  the  continuing  yield,  if  we  could  sepa- 
rate these  completely,  should  we  say.  for 
example: 

the  "optimum"  population  level  is  that 
which  enables  us  to  take  a  continuing 
safe  yield  which  meets  the  critoia  for  an 
optimum  yield. 


or  should  we  say: 

the  ''optimum*'  yield  is  that  which  can  be 
taken  safely  and  continuously  from  a 
population  which  is  maintained  at  a 
level  which  meets  the  criteria  for  an  op- 
timum population. 

In  pntcticc.  any  acceptable  solution  must 
take  both  kmds  of  criteria  into  account.  Since 
these  approaches  are  to  some  extent  in  con- 
flict, we  have  therefore  to  compromise,  whidi 
makes  any  generally  acceptable  solution  ex- 
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tremely  difficult  since  it  must  be  based  on  the 
balancing  of  unlike  values. 


Single  sreciEs  approach 
Yield  levels 

As  a  criterion  for  the  manapcnicnt  ob- 
jective, )'iclU  hii^  ihc  udvaniagc  Uiai  in  some 
foim  it  is  the  direct  object  of  the  exploitation  of 
the  resource,  that  it  is  fairly  casilv  measured  in 
practice  and  that  it  can  be  simply  handled  in  a 
variety  of  mulhematical  models,  it  is  httle 
wonder,  thoefore,  that  tfie  first  and  most  wide- 
ly adopted  objective  of  fisheries  manage- 
ment, as  it  became  subject  to  quantitative 
study,  was  the  MSY  expressed  either  as  the 
number  or  overall  weight  of  the  animals 
cauglit. 

MSY  IN  WEIGHT  OR  NUMBERS 

The  choice  as  to  whclher  nuinbcr  «n 
weight  should  initially  be  used  has  depended 
to  a  great  extent  on  the  relative  significance  of 
growth  and  reproduction  in  determining  the 
size  of  the  catch.  Animals  which  can  conve- 
niently be  caught  over  only  a  hmiled  range  of 
sizes  and  in  which  the  number  of  recruits  is 
believed  to  be  largely  dependent  on  the  size  of 
the  parent  stock,  have  tended  as  in  marine 
mammals  and  saUnon,  tt)  be  managed  largely 
on  a  numerical  basis. 

Most  marine  fish,  however,  may  be 
caught  over  a  wide  range  of  sizes  and  their 
recruitment  appears  to  be  largely  independent 
of  stock  size  over  a  major  part  of  the  possible 
range.  These  have  obviously  had  to  be  man- 
aged from  the  beginning  on  a  weight  basis. 

It  is  cnfy  reomtly  that  consideration  has 
been  given  to  die  possibilities  of  attempting  to 
manage  marine  mammals  with  the  aim  of 
maximizing  the  weight  of  the  catch.  This  is,  of 
course,  only  appropriate  where  the  desired 
pfoduct.  is  a  faiiiy  fixed  proportion  of  the 


weight  of  the  whole  animal,  such  as  meat  or 
oil.  It  is  probably  less  appropriate  where  the 
product  is  a  unit  part  of  the  mdividual  animals, 
such  as  a  sidn,  although  even  here  a  size-price 
relationship  may  be  involved. 

The  difference  in  population  level  be- 
tween that  giving  the  MSY  by  weight  and  that 
giving  the  MSY  by  number  is  probably  much 
less  for  most  marine  mammals  than  it  is  for 
fish.  For  baleen  whales,  the  difference  be- 
tween the  2  MSY  levels  appears  to  be  only 
about  S  %  or  even  less  and  for  sperm  whales 
possibly  7-18  %. 


Financial  yield  and 

DISCOUNT  considerations 

Y  leld  may  also  be  expressed  in  monelaiy 
terms,  generally  as  the  difrerence  between  the 

value  of  the  catch  and  the  cost  of  ohtainini^  it. 
The  relation  hetwccn  financial  return  and 
Stock  size  hu.s  ailraclcd  the  atlenluni  ul  many 
economists  and  a  few  main  principles  are 
commonly  accepted.  In  stable  conditions  the 
profit  or  economic  rent  is  maximized  (maxi- 
mum  economic  yield  -  MhY)  at  a  slock  level 
(MEY  level)  somewhat  above  the  MSY  level. 
At  a  lower  population  level,  cost  and  price 
balance,  and  industry  "breaks  even".  This 
stock  level  must  be  below  MEY  level  but  does 
not  have  any  necessary  rdation  to  MSY  level. 
For  a  simple  Schaefer-type  model,  the  MEY 
level  b.  halfway  between  the  break-even  point 
and  the  unexploited  level  if  cost  is  assumed  to 
be  proportional  to  effort  and  fixed  costs  are 
ignored.  Copes  (pcrs.  comm.)  has  recently 
shown  in  a  more  sophisticated  model  that, 
when  consumer  surplus  is  taken  into  account, 
the  economic  return  is  maximized  at  a  level 
below  Ml  \  level. 

These  conclusions  apply  to  populations 
in  a  steady  state  and  assume  that  the  value  of 
future  catches  is  the  same  as  that  of  present 
catches.  As  Clark  has  shown,  if  the  value  of 
future  catches  is  discounted,  the  level  which 
wiU  maximize  the  presoit  vahie  of  all  future 
catches  depends  upon  the  discount  rate  81 
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adopted  but  is  independent  t^f  the  starting 
level  of  the  population.  The  optimum  level  in 
this  sense  lies  between  the  MEY  level,  which  is 
the  optimum  when  the  discount  rate  is  zero, 
and  the  break  even  level  (BE  level)  which  is 
optimal  for  an  infmite  discount  rate. 

Table  1  shows  the  size  of  the  population 
for  each  of  the  various  levels  discussed  in  a 
hypothetical  blue  whale  population  similar  to 
that  quoted  by  Clark  (1976),  i.e.,  with  an  initial 
stock  size  of  ISO  000,  break-even  level  of 
20  000  and  a  net  recruitment  rate  at  zero  pop- 
ulation level  of  0.02.  To  enable  the  calcula- 
tions to  be  completed  for  yield  by  weight,  the 
break-even  level  has  again  been  arbitrarily  set 
at  20000  and  growth  has  been  assumed  to 
follow  a  von  Bertalanffy  curve  with  parame- 
ters similar  to  those  for  fin  whales,  i.e., 
K  =  0.26,  to  =  1.5,  t,.5.  The  results  are  rather 
insensitive  to  the  precise  values  given  to  these 
parameteis. 


TlUe  1.  Optinium  population  k->t'ls  for  >arious  >jelds  for  a 
hypo(he(ii-al  blue  mIuIo  model'  ((  lurk.  1975) 


jield  weight 


Initial  populalimi 

ISO  000 

150  000 

MhV  level 

85  000 

Range  if 

85  000 

MSY  level 

73000 

futuie 

7S<00 

Break-even  point 

20000 

values  aie 
diBcounied 

200001 

I  C  ljrk.  1975. 

^  Set  afbiuarily  at  Ibe  tune  level  u  for  nuniciwiil  ywlii. 


PopubUimi  levels 

Criteria  for  defining  optimum  popula- 
tion levels  cannot  be  identified  in  nearly  such 
precise  terms  as  can  criteria  for  yields.  This  is 
because  the  bencl'ili>  which  are  derived  from 
the  living  population,  either  by  man  or  by  the 
ecosystem  of  which  it  Sams  part,  are  them- 


selves almost  impossible  to  quantify  precisely 
and  therefore  to  relate  to  population  size. 
There  are,  however,  some  general  statements 
about  population  levels  which  are  probably 
acceptable  to  almost  eveiyone. 

Healthy  ecosystems 

The  first,  but  also  the  least  precise,  is  that 
populations  should  not  be  reduced  to  a  level 
which  will  seriously  disturb  the  *'health**  of  the 
ecosystem,  although  there  are  a  number  of 
difficulties  associated  with  such  a  statement. 
Apart  from  the  fact  that  there  has  probably 
been  no  generally  acceptable  deflnition  of  a 
"hcalthv  ecosystem"  as  yet,  it  is  also  true  that  a 
great  many  marine  ecosystems  have  already 
been  greatly  modified  by  man.  Should  we 
therefore  arbitrarily  decide  that,  in  at  least 
some  cases,  the  present  situation  is  healthy  and 
that  we  should  try  to  manipulate  things  so  as  to 
maintain  it  in  its  present  condition?  Altema- 
tivefy,  should  we  say  that  only  the  imdisturbed 
ecosystem  is  "healthy",  and  that  our  objective 
shoiild  be  to  restore  ecosystems  to  their  pris- 
tine state?  The  difficulty,  of  course,  with  this 
concept  is  that,  if  we  take  it  to  its  logical  ex- 
treme we  not  only  cease  to  exploit  marine 
mammals  but  also  abandon  all  our  fisheries.  A 
further  question  arises  when  some  species 
have  benefited  from  a  reduction  of  compet- 
itors which  were  more  attractive  as  a  harvest  to 
man.  There  is  evidence,  for  example,  which 
suggests  that  sei  whales  in  the  Antarctic  may 
have  increased  as  a  consequence  of  the  reduc- 
tion in  numbers  of  the  larger  baleen  whales. 
Should  we  therefore  aim  at  reducing  the  sei 
whale  population  with  the  object  of  accelerat- 
ing the  recovery  of  other  species  and  thus  re- 
storing the  status  quol  We  canned  ignore  the 
possibility  that  an  ecosystem  containing  seve- 
ral major  species  occupying  rather  similar 
niches  may  have  .several  alternative  stable  states. 
It  Ls  therefore  possible  that,  even  if  all  catching 
of  Antarctic  baleen  whales  stopped  now,  the 
ff/stem  would  revert  to  a  oonoilion  different 
from  that  which  prevailed  before  whaling 
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began:  blue  or  fin  whales  might  not  rise  again 
to  their  original  numbers,  while  sei  whales 
might  stabilize  at  a  higher  level.  Would  such  a 
systiem  be  any  less  "healthy"  than  that  existing  a 
centurv'  ago  and  should  we  take  positive  steps  to 
try  to  force  it  to  return  to  its  previous  amdition'j* 
We  need  to  be  able  to  lind  dear  and  generally 
acceptable  answers  to  questi<ms  such  as  these 
before  we  can  quantify  an  optimum  population 
level  in  terms  of  maintenance  of  "healthy  eco- 
systems". 

The  situation  is  fufther  complicated  by 

the  fact  that  even  ecosystems  undisturbed  by 
man  arc  proh;ihly  in  a  continuous  state  of 
change,  largely  as  the  result  of  climatic  chan- 
ges. While  the  relatively  long  liTe  and  low  re- 
productive rate  of  most  maririL'  mammals  pro- 
bably makes  them  unsusceptible  to  shnri-lerm 
changes,  there  is  no  reason  to  suppose  that  they 
have  been  immune  from  both  long-term  and 
medium-term  chanpes,  measured  perhaps  on  a 
time  scale  of  I  raetions  of  a  century  .  If  this  is  (he 
case,  it  becomes  both  impracticable  and  poml- 
less  to  have  firm  objectives  of  marine  mammal 
management  which  are  dosety  tied  lo  current 
population  levels. 


Maintenance  of  ofiions 

Another  basis  for  considering  optimum 

population  levels  which  is  more  easily  sub- 
jected to  quantitative  studv.  is  that  based  on 
the  concept  of  keeping  tuture  options  open. 
This  implies  that  we  retain  for  the  indefinite 
future  our  ability  to  manipulate  the  popula- 
tion so  as  to  move  toward  new  objectives  of 
either  yield  or  population  level  as  they  emerge. 
It  implies,  in  effect,  that  the  pojnilation  is  re- 
tained at  a  level  which  will  ensure  that  it  will 
not  become  extinct  and  will  be  capable  of  re- 
sponding fairly  rapidly  to  desired  luture  chan- 
ges in  its  level.  The'  second  implication  of 
course  involved  the  first,  since  any  population 
capable  of  response  to  manipulation  must  be 
well  above  any  level  at  which  there  is  a  real  risk 
of  extinction  due  to  natural  causes.  The  re> 


sponse  which  is  of  interest  in  this  connexion  is 
the  ability  to  increase  in  numbers  if  exploitation 
is  reduced  or  stopped.  Several  criteria  of  this 
ability  are  possible.  The  maximum  relative  rate 
of  increase  in  the  absence  of  exploitation  would 
be  one  possibility.  Untortunately,  under  most 
models,  this  occurs  at  a  population  level  only 
just  above  that  at  which  extinction  is  a  leal 
possibility  and  it  could  therefore  not  be  re- 
garded as  a  useful  criterion,  A  criterion  at  the 
other  extreme  is  that  the  time  required  to  reco- 
ver to  unexploited  level  in  the  absence  of  ex- 
ploitation  should  be  at  a  minimum.  This  con- 
dition is  of  course  met  onh  just  below  unex- 
ploited level  and  is  therefore  an  unreal- 
istic criterion.  A  third  possible  criterion  is  that 
the  rate  at  which  the  population  would  grow  in 
absolute  numbers  in  the  absence  of  exploitation 
should  be  at  a  maximum,  i  his  occurs,  by  defi- 
nition, at  the  MSY  level,  so  that  a  population  at 
this  level  must  be  capable  of  responding  rapidly 
[o  reduction  or  cessation  of  exploitation  Such  a 
population  niusi  thcrctbre  automatically  meet 
the  objective  c€  keeping  future  options  open 
whether  or  not  it  meets  any  precise  criteria 
which  could  be  set  up  for  this  purpose. 

It  IS  sometimes  su^ested  that  the  concept 
of  maintaining  populations  at  MSY  level  does 
not  take  into  account  such  fiKtors  as  the  effects 
on  yield  of  changes  in  age  structure  or  social 
order  which  will  occur  in  a  population  at  a  level 
different  from  theunexploited.  Whereseriously 
advanced,  this  argument,  when  applied  to 
stable  conditions,  must  reveal  a  misun- 
derstanding of  the  concept.  The  essence  of 
this  Gcmoept  is  that  a  population  at  the  numeri- 
cal MSY  level  must  have,  in  the  steady  state,  the 
greatest  excess  of  recruits  over  natural  deaths. 
When  it  is  correctly  applied,  therefore,  all  the 
factors  which  influence  reproductive  and  natu- 
ral mortality  rates  are  taken  into  account  expli- 
citly or  implicitly.  In  practice,  at  least  for  nianne 
mammals,  it  has  not  been  possible  to  build  up 
recruitment  and  mortality  curves  from  study  of 
these  basic  factors.  Calculations  as  to  popula- 
tion levels  and  viclJs  have,  therefore,  been 
based  either  on  direct  observation  of  overall 
mortality  and  recruitment  rates  or  of  the  diffe-  83 
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rence  between  them,  or  else  on  theoretical 
models  designed  to  pass  through  a  tew  approx- 
inialel)  known  fixed  points.  Both  approaches 
include  implicitly  the  effects  on  reproducdoii 
and  mortality  of  such  factofs  as  structure 
and  social  order. 


Multi-species  exploftation 

Most  of  the  torcHoiim  discii\>ion  lias  dealt 
with  considerations  involved  m  determining 
optimum  yields  or  optimum  population  levels 
for  single  species  populations.  The  practical 
problems  become  more  acute  when  interacting 
species  are  bemg  exploited  simultaneously  by 
man.  ExphMtation  may  involve  oompetmg  spe- 
cies or  predators  and  their  prey.  Among  marine 
mammals  the  best  known  example  of  the  first 
case  is  provided  by  the  taking  of  the  various 
species  of  baleen  whales  in  the  Southern  Ocean, 
and  perhaps  also  in  the  North  Pacific;  the  se- 
cond case  is  probably  illustrated  by  the  taking 
of  fur  seals  and  Alaskan  pollack  in  the  Bering 
Sea  and  by  baleen  whaling  and  the  develofring 
krill  fishery  in  the  Southern  Ocean.  At  present 
we  lack  adequate  models  for  studying  such 
cases,  though  we  may  probably  now  uCffa  to 
construct  them.  Even  if  conceptually  realistic 
mcxjels  can  he  developed,  adequate  data  is 
probably  lacking. 

Determination  of  optimum  strategies  for 
multi-species  management  will  have  to  take 
account  not  only  of  the  bioloL'ical  relationships 
but  also  of  the  harvesting  costs  and  the  relative 
values  of  the  various  exploited  species. 


Assessment  of  population  levels 


Actual  management  practice  must  be 
based  on  an  assessment  of  the  desired  popula- 
tion level  and  particularly  on  the  relation  be- 
tween thb  level  and  the  existing  level.  The  best 
way  to  ai^proadi  this  problem  is  to  compare 


separate,  independent  estimates  of  the  Opti- 
mum level  and  the  cxistmg  level. 

An  arra^  of  methods  is  now  available  for 
estimating  existing  population  levels,  in  some 
cases,  as  for  example  that  of  Antarctic  fin 
whales,  sufficient  data  exists  to  enable  the  haek- 
ward  extrapolation  of  the  estimates  to  include 
the  unexploited  population  level 

The  optimum  population  level  may  be 
estimated  from  the  unexploited  population  .size 
by  applying  either  an  appropriate  yield  curve  or 
an  arbitrary  relationship  between  optimimi  and 
imexploited  peculation  sizes. 

Methods  used  by  the  IWC 

I  hese  methods  are  currently  being  used 
by  the  Scientific  Committee  of  the  IWC,  under 
the  "new  managemrat  procedure"  (nmpX 
which  bases  the  current  catch  level  strictly  on 
the  relation  between  existing  population  size 
and  MSY  level.  MSY  level  is  accepted  as  an 
interim  alternative  for  the  optimum  leveL  In 
most  cases  the  MSY  level  has  been  assessed  as  a 
fixed  proportion  of  the  origmal  unexploited 
population  levd  —  for  most  baleen  whales 
MSY  level  is  taken  to  be  60  %  of  unexptoited 
level. 

The  symmeuical  parabola  stock-recruit- 
ment model,  in  fact,  gives  MSY  at  SO  %  of  the 
lumploited  population  level.  The  arbitran. 
decision  to  assume  MSY  at  60  of  unexploited 
level  was  taken  partly  out  of  a  desire  to  adopt  a 
more  cautious  approach  and  also  becauise  it  is 
believed  to  be  likely  that  the  stock-recruitment 
curv  e  is  convex,  and  thus  that  the  MSY  level  is 
higher  than  50  %.' 

For  sperm  whales,  the  Committee  has 
used  a  more  sophisticated  population  model 
which  results  in  the  MSY  population  level  oc- 
curring at  55-70  %  of  the  unexploited  level  de- 


I  This  is  Iwcaiue  of  Ibc  intrinsic  limitalkioi  in  the  fe» 
productive  rate  of  whales,  which  must  apply  eves  at  Ihc  loweM 
popDlation  leveb. 
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pendent   upon   the  values  given  to  the 

various  parameters. 

Where  estimates  ul  initial  and  current 
stock  sizes  arc  reliable,  this  approach  is  clearly 
useful.  It  is,  however,  extremelv  dependent 
upon  knowledge  of  the  nature  of  the  stock-re- 
cruitment relationship,  since  it  is  this  wtaxAi 
determines  the  relative  MSY  level.  While  math- 
ematical models  may  be  used  to  explore  the 
consequences  of  any  particular  relationship, 
their  use  to  provide  a  sound  basis  for  man- 
agement depends  upon  the  relevant  parameters 
being  sufficiently  accurately  known  to  enable 
us  to  develop  models  which  simulate  the  real 
populations.  This  n>plies  particularly  to  those 
parameters  which  determine  the  levd  at  which 
MSY  occurs. 


Examination  of 

STOCK-RECRUrrMENT  CURVES 

The  Ad  hoc  Group  I  of  the  Advisory 
Committee  on  Marine  Resources  Research,  in 
its  draft  report  (ACMRR/FAO,  1976)  has 
examined  two  theoretical  relationships  which 
give  vcrv'  different  MSY  levels  (37  %  and  58  % 
of  initial  stock  size).  They  have  also  shown  that 
for  these  models,  the  curves  relating  total 
numbers  of  recruits  to  stock  size  are  probably 
undistinguishablc  in  practice,  despite  the  very 
great  difference  in  the  resulting  MSY  level. 

It  is  instructive  to  pursue  this  compari- 
son further.  In  addition  to  total  recruitment 
and  sustainable  yield  —  which  is  the  equiva- 
lent of  net  recruitment  -  the  associate  gross 
and  net  recruitment  rates  are  worth  examina- 
tion. Using  the  same  models  as  those  employ- 
ed by  Ad  hoc  Group  1,  the  4  curves  are  shown 
in  sections  1-4  of  Table  2,  the  curves  in  sections 
I  and  2  being  the  same  as  those  in  Figs.  1  and  2 
of  the  Group  I  report,  respectively. 

It  is  apparent  that  the  2  models  differ 
least  In  the  carves  for  total  recruitment.  The 
sustainable  yield  curves  show  considerable 
differences  at  middle  p<^puIation  levels,  while 
the  2  rate  curves  show  great  differences  in  both 


magnitude  and  slope  at  low  levels,  with  the 
difference  in  slope  extending  to  middle  levels. 

Such  curves  for  real  populations  can 
only  be  constructed  if  actual  values  can  be 
estimated  for  several  population  levels.  In 
some  cases,  the  values  of  the  fixed  points  cor- 
responding to  zero  and  anexploited  levels  are 
known  on  theoretical  grounds.  The  zero  values 
for  such  points  are  of  course  precise,  and  the 
natural  mortality  rate  which  is  the  upper  hm- 
iting  vdue  for  gross  recruitment  rate  is,  in 
most  cases,  one  of  the  most  accurately  known 
parameters.  The  values  of  these  fixed  points 
are  summarized  in  Table  2.  The  Table  also 
includes  indices  of  the  sensitivity  with  which 
the  2  curves  may  be  distinguished.  These  are 
based  on  the  comparison  of  the  mean  slopes  of 
the  curves  over  the  range  between  ,45  and  .55 
of  unexploited  level.  The  2  indices  are  the 
absolute  and  relative  differences  between  the 
slopes  for  the  2  models. 

The  curves  for  total  number  of  recruits 
are  clearly  the  least  sensitive.  The  differences 
in  their  shapes  arc  minor  and  very  precise 
measurements  would  be  needed  to  distinguish 
them.  These  curves  also  represent  directly  the 
quantity  of  prime  interest  and,  in  addition, 
have  the  advantage  of  fixed  points  at  each  end. 
Therefore,  a  single  measure  of  the  slope  in  1 
region,  i.e.,  of  values  at  2  population  levels, 
gives  some  information  as  to  the  position  of 
the  maximum,  since  it  tells  us  whether  the 
maxmium  is  above  or  below  the  level  at  which 
observations  are  available.  Data  over  a  suffi- 
cient range  or  with  sufTicient  accuracy  to  pro- 
vide an  estimate  of  curvature  would  enable  the 
position  of  the  maximum  to  be  located  with 
some  accuracy. 

The  most  important  characteristic  of  re- 
cruitment rale  curves  is  their  curvature.  If  they 
are  convex  upward,  the  NfSY  level  is  above 
SO  %  of  unexploited  level  and  vice  versa,  while 
the  greater  the  curvature,  the  greater  the  de- 
parture from. the  50  %  level.  The  upper  fucd 
point  zero  for  the  net  recmitment  curve  and 
is  equal  to  M  for  the  gross  recruitment  curve. 
Thus,  a  useful  approximation  to  the  curve  can 
be  obtained  from  knowledge  of  the  slope  and  85 


Copyrighted  matsrial 


KJL  ALLEN 


Table  2.    Relation  of  important  variables  to  population  siz«  for  two  <itork-recniitnient  models  with  constant  natural  mortality  rate 


M 


FuedRrints 


Lower 


Seiuilivity 


Basis  of  Estimation 


Upper 


Slope 


A-B 


A-B 

</i(A-f  B) 
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Total 
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Recruiu 


Annual  total 
recruits  in 
unexploited 
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si/f  iidjusled  titf  nalu- 
r:il  mortality  rate  and 
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2  0  0 

Net  Number 
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m 
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Gross  Gross        -.427  -.197  .231        .738      (ai  Directly     from  age 
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Gross                                                mem  ihliu 

Recruit-                                        rate  in  in  un- 
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Rate                                         pop-  population 
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4.  Ncl  rccruii-         0         -1.166  -.Sb?   .599        .692       (a  l  I  roni    i;ri>ss  ricruii- 

Net  nicni  rale  in  incni  rate  .uljusicd  for 

Recruit-  minimal  natural  mortality  rate 

ment  population  (b>  From  relative  popula- 

Rate  lion  change  adjusted 
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level  at  1  region  of  the  curve.  In  some  cases,  it 
may  be  possible  to  calculate,  from  knowledge 
of  reproductive  and  juycnile  mortality 
parameters,  the  maximum  possible  recruit- 
ment rate  at  low  population  levels.  A  useful 
indication  of  the  shape  of  the  curve  could  then 


he  obtained  with  onh  a  single  estimate  (^f  re- 
cruitment rate  at  an  intermediate  population 
level.  In  this  case  only,  therefore,  the  con- 
struction of  curves  which  will  provide  useful 
information  on  the  relative  population  si/e  at 
MSY  level  is  not  dependent  upon  the  avail- 
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ability  of  reliable  data  for  at  least  2  dislmct 

population  L-vels. 

Thi5  analysis  has  indicated  that  the  best 
approaches  to  the  problem  of  determining  rel- 
ative population  si/e  at  MSY  level  are  either 
directly  through  estimates  of  sustainable  yield 
or  indirectly  through  estimates  of  either  gross 
or  net  recruitment  rates.  Table  2  also  sets  out 
briefly  the  most  direct  methods  available  for 
estimating  the  various  quantities  considered. 
Recruitment  rales  can  be  measured  directly 
from  age  composition  and  do  not  require  the 
use  of  long  time  series  to  derive  each  point 
estimate  Direct  measures  of  sustainable  yield 
can  be  attempted  but  are  dependent  upon  re- 
liable estimates  of  at  least  relative  changes  in 
population  size,  and  therefore  upon  substan- 
tial time  series  of  data.  Study  of  recruitment 
rates  by  such  means  as  the  analysis  of  age 
distributions  seems  therefore  to  provide  the 
most  promising  approach  to  the  identification 
of  MSY  and  related  population  levels,  while 
the  next  best  alternative  is  by  direct  observa- 
ticm  of  rates  of  population  diange  at  diflermt 
levels  and  rates  of  exploitation. 

The  cur\'cs  which  have  been  discussed 
are  based  upon  relations  which  exist  for  po- 
pulations wnich  are  stable  at  each  level.  In 
practice,  the  population  characteristics  will  be 
observed  in  a  changing  situation  and  arc  sub- 
ject to  lag  eliect^  so  that  the  recruitment  rales 
and  yields  obsenred  at  any  particular  level 
cannot  be  inserted  directly  into  such  curves. 
These  lag  effects  are  of  2  kinds.  The  first  stems 
from  the  tact  that  recruits  into  the  exploited 
Stock  in  any  one  season  are  derived  from  the 
breeding  stock  a  certain  number  of  years  ear: 
her.  Adjustment  lor  this  effect  may  be  made 
fairly  easily.  The  second  source  of  lag  is  much 
more  dimcult  10  handle.  It  is  caused  by  the 
differences  in  age  composition  and  social 
structure  which  will  exist  between  a  stable  pop- 
ulation of  a  given  size  and  a  changing  popu- 
lation of  the  same  size.  An  expanding  popula- 
tion, for  example,  will  have  a  higher  propor- 
tion of  young  animals  than  a  stable  one.  These 
differences  may  in  turn  cause  differences  in 
overall  mortality  or  reproduction  rates. 


The  path  to  the  0|itiBiim 


If  the  current  population  level,  the  opti- 
mum level  and  the  optimum  vield  are  all 
known,  the  only  question  which  remains  is  by 
what  pattern  of  catches  to  move  to  the  opti- 
mum level.  It  has  long  been  realized  diat,  if  the 
MSY  level  is  taken  to  be  the  optimum  level, 
the  procedure  to  maximize  the  total  of  future 
caLches  is  to  catch  nothing  until  MSY  level  is 
reached  if  the  popuhition  is  below  that  level, 
and  to  catch  the  excess  as  rapidly  as  possible  if 
the  initial  population  is  above  MS\  level 
More  recently,  Clark  has  shown  that  the  same 
principles  apply  even  when  the  value  of  futtore 
catches  is  discounted  and  allowance  is  made 
for  costs  of  catching,  provided  that  it  is  as- 
sumed that  there  are  no  economies  or  diseco- 
nomies of  scale  in  harvesting  and  diat  demand 
is  infinitely  elastic. 

In  practice,  the  three  critical  quantities 
are  known  very  approximately  at  the  best.  In 
addition,  the  major  disruptions  (e.g.,  short  pe- 
riods of  complete  closure  or  abrupt  changes  in 
ctTort)  which  are  involved  in  the  yield  maxi- 
mizing solutions  in  the  all-knowing  situation, 
will  onnmonly  create  economic  or  social  pro- 
blems for  the  industry. 

Since  some  of  the  difficultv  arises  from 
the  uncertainty  in  the  population  and  yield 
values  involved,  another  important  considera- 
tion in  determining  the  optimum  strategv  is 
the  acquisition  of  the  data  which  will  enable 
the  estimates  to  be  improved.  We  have  already 
seen  that  determmation  of  the  MSY  or  other 
optimum  level  is  largely  dependent  on  the 
availability  of  data  over  a  substantial  range  of 
population  sizes.  This  introduces  a  further 
constraint  into  the  development  of  the  ideal 
strategy.  It  should  allow,  and  indeed  promote, 
a  change  of  population  size  over  a  fairly  sub- 
stantial range  and,  in  order  to  allow  sufficient 
data  to  be  accumulated,  either  this  change 
should  take  place  slowly  or  the  population 
should  be  held  stable  for  a  period  of  years  at 
each  of  two  or  more  distinct  levels.  The  situa- 
tion is  further  comfriiGated  by  the  fact  that  at  87 
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present  so  much  of  the  data  essential  to  these 
problems  can  only  be  obtained  on  a  popula- 
tion which  is  being  exploited  on  a  fairly  sub- 
stantial scale.  On  the  one  hand,  calculations 
based  on  catch  per  unit  effort  remain  by  far  the 
most  effective  means  of  estimating  population 
sizes.  On  the  other  hand^  data  on  age  compo- 
sition and  reproductive  oonditioii  which  are 
required  for  estimating  recruitment  and  mor- 
tality rates  are  also  only  obtainable  from  dead 
animals. 

Development  of  a  practical  manage- 
ment strategy  therefore  requires: 

(a)  that  acceptable  criteria  for  the  determi- 
nation of  optimum  yields  or  stock  levels 
are  identified; 

(b)  that  safeguards  arc  incorporated  to  en- 
sure that  major  harm  is  not  done  to  the 
population  or  ecosystem  because  of  er- 
rors in  assessment; 

(c)  that  the  yield  of  the  popuiaiiun  is 
hroupht  to  die  optimum  level,  however 

this  Ls  defined,  as  rapidly  as  ptissible 
while  avoiding  major  discontinuities  and 
particularly  reversals  in  trends  of  effort; 

(d)  that  it  should  cause  the  population  to 
change  in  size  significantfy; 

(e)  that  the  population  should  also  be  sub- 
jected to  substantial  exploitation  et  each 
level 

These  requirements  are  to  some  extent 
conflicting  and  m  diis  fact  lies  one  of  the  fim- 
damental  difficulties  in  developing  effective 
management  policies  for  marine  mammals.  A 

£ articular  difficulty  arises  in  the  case  of  popu- 
itions  whidi  have  been  exploited  for  some 
time  under  conditions  which  have  apparently 
kept  them  stable  at  a  level  which  may  be  at  or 
near  the  optimum.  It  may  be  impossible  to 
determine  whether  this  level  is  in  fact  optimal 
without  changing  the  n^tme  lo  bring  the  pop- 


ulation  to  a  significantly  different  level.  The 
risk  is,  of  course,  that  the  new  level  may  be 
inferior  lu  that  originally  prevailing. 

The  new  management 
procedure  of  the  iwc 

The  so-called  "new  management  proce- 
dure" of  the  IWC  is  a  major  step  forward  in 
that  it  does  involve  adoption  of  a  consistent 
strata  whose  effects  can  be  forecast  for  any 
given  population  model.  It  also  goes  some 
distance  toward  meetiniz  the  requirements 
outlined  above.  Safeguards  against  mcidenlal 
excessive  exploitation  which  might  reduce  the 
population  below  the  optimum  level  are 
introduced  in  2  ways.  1  irst,  the  allowable  catch 
is  not  allowed  to  exceed  90  %  of  estimated 
MSY  at  any  population  level.  Second,  stocks 
more  than  below  the  estimated  MSY 

level  are  fully  protected,  and  permitted  catches 
rise  linearly  from  zero  at  this  level  to  90  % 
MSY  at  MSY  level.  If  accurately  applied, 
these  procedures  will  allow  population^  to  be 
brought  to  the  vicinity  of  the  MSY  level  wha- 
tever the  starting  point.  If  MSY  is  accurately 
known,  the  level  at  which  the  population  will 
ultimately  siabili/.e  will  he  above  MSY  level  at 
the  point  where  the  sustainable  yield  equals 
90%  MSY. 

For  recruitment  curves  giving  MSY  at 
50  %  of  unexploited  level,  the  stable  popula- 
tion level  giving  90  %  MSY  is  at  about  66  %  of 
imexploited  level,  while  if  MSY  occurs  at  60  % 
of  unexploited  level,  the  stable  level  giving 
90  %  MSY  will  be  at  about  74  %  of  unexploited 
level. 

EJJect  of  errors  in  estimates  of  MSY 

If  there  are  erron  in  the  estimation  of 
MSY,  or  of  the  population  size  at  which  MSY 

occurs,  or  of  the  current  population  size,  sta- 
bihty  will  still  be  attained  but  at  a  population 
level  dependent  upon  tiie  nature  and  magni- 
tude of  the  errors.  The  stable  condition  can  be 
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quite  easily  identified  by  a  graphical  ap> 

pioach. 

I  he  rollowing  abbreviations  are  used: 

MSY:        maximum  sustainable  yield; 

SY:  sustainable  yield; 

MSYL:  MSY  level  -  theoretical  level 
giving  MSY; 

EMSYL:     estimated  MSYL; 

AEMSYL:  FMSYl.  adjusted  for  error  in 
estimate  ol  population  size; 

OY:         optimum  yield; 

OYL:  optimum  yidd  level  »  popula- 
tion size  giving  OY; 

EOY:        estimated  optimum  yield; 

AEOYL:  EOY  level  adjusted  for  error  in 
estimate  of  population  size; 

MFC:       maximum  permitted  catch. 

Fig.  lA  shows  the  situation  in  a  popula- 
tion when  all  variables  arc  accurately  known. 
The  dashed  curve  represents  the  true  relation- 
ship between  sustainable  yield  (SY)  and  pop- 
ulation size;  the  open  drcie,  the  correctly 
known  MSY  available  at  the  true  MSY  level; 
the  solid  circle  is  the  permissible  catch  (90  % 
MSY)  at  this  population  level;  and  the  sohd 
line  represents  the  catch  permitted  at  other 
population  levels.  Stability  occurs  at  point  X 
where  SY  and  permitted  catch  arc  equal. 

Fig.  IB  shows  a  case  in  which  both  MSY 
level  and  MSY  are  incorrectly  estimated  but 
the  true  population  size  is  correctly  known. 
Stability  for  this  condition  will  occur  again  at 
point  X. 

Fig.  IC  indudes  also  an  error  in  the 
estimation  of  the  actual  population  size,  caus- 
ing the  population  to  be  over-estimated  and 
thought  to  be  at  level  P,  (the  estimated  MSY 
level,  whether  correct  or  incorrect  is  immate- 
rial) when  it  is  actually  at  level  Pj.  A  popula- 
tion at  this  level  (P  )  is  therefore  the  smallest 
from  which  the  maximum  pcrmiiied  catch 
(90  %  MSY)  can  be  taken.  The  relation  be- 
tween permitted  catch  and  actual  population 
size  is  therefore  again  as  shown  by  the  solid 
line  with  stability  at  point  X. 

The  stable  situation  is  therefore  com- 
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pletely  determined  by  the  position  of  the  solid 
circle  in  relation  to  the  true  yield  curve  for  the 
population.  The  circle  indic.ifes  a  vield  equal 
to  the  permitted  fraction  -  maximum  per- 
mitted catch  (MFC)  -  currently  90  %,  of  the 
estimated  MSY  at  the  estimated  MSY  level 
(EMSYL)  adjusted  for  any  error  in  the  esti- 
mate of  actual  population  size  (AEMSYL). 
Any  error  in  actual  population  estimate  must 
apply  to  the  current  population,  but  it  can  be 
extrapolated,  perhaps  proportionately,  to  de- 
rive AEMSYL  from  MSYL. 

This  graphical  approach  to  identifica- 
tion of  the  stability  condition  will  apply  what- 
ever ihe  shape  of  the  stock-vicld  cur\e  and 
whatever  criterion  is  used  to  determine  tlie 
value  of  the  yield.  It  is  not  restricted  to  the 
symmetrical  curve  used  for  simplicity  in  the 
figure,  or  to  the  optimum  yield  being  the  MSY 
in  accordance  with  current  IWC  practice. 

In  the  fdlowing  discussion  the  teruB 
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optimum  yield  (OY)  and  optimum  yield  level 
(OYL)  are  therefore  used  in  place  of  MSY  and 
MSYL. 

Effect  of  errors  of  estimation  of  OSY 

We  can  now  consider  the  effect  on  the 

stable  population  level  of  difTerent  combina- 
tions of  EOY  and  AEOYL  relative  to  true  OY 
and  OYL.  Four  different  situations  are  pos- 
siblecorresponding  to  4  fields  in  which  thesolid 
circle  may  lie  in  relation  to  the  true  yield  curve. 
These  fields  are  shown  in  Fig.  ID. 

The  resulting  stability  levels  for  these  4 
situations  are  shown  in  Figs.  1 E- 1 H.  Situations 
placing  the  MPC-AEOYL  point  in  fields  I 
(Fig.  IE)  and  4  (Fig.  IH)  will  cause  stability  to 
occur  at  a  population  level  about  true  OYL. 
Field  3  (Fig.  IG)  gives  Stability  at  a  level  Just 
below  the  adjusted  estimated  OYL.  Field  2 
(Fig.  1 F)  gives  rise  to  a  more  complex  situation 
with  apparently  3  possible  levels  of  stability. 
Level  Xi,  however,  represents  an  unstable 
equilibrium,  since  a  population  only  slightly 
below  or  above  this  level  wUl  move  respec- 
tively down  to  level  X,  or  up  to  level  Xj. 


Epfecfiveness  of  NMP 

If  it  is  accepted  that  one  of  the  objecti\  es 
of  the  management  procedure  is  to  maintam 
the  population  at  a  level  no  lower  than  the 
true  MSYL,  then  either  of  the  situations  in 
fields  I  and  4  meets  the  requirement.  That 
is,  a  situation  which  satisfies  cither,  but  not 
necessarily  both  of  2  conditions  is  acceptable. 
These  conditions  are: 

(a)  Maximum  permitted  catch  is  not  greater 
than  the  true  sustainable  yield  at  the 

adjusted  estimated  OYL,  i.e., 
MPC  <SY  (AEOYL); 

(b)  Adjusted  estiniated  OYL  is  not  less  than 
true  MSYL,  ic^  AEOYL  ^OYL. 


The  fact  that  it  is  necessary  to  comply 
only  with  one  or  other  and  not  with  both  of 
these  conditions  to  ensure  that  the  population 
is  maintained  at  or  above  true  OYL  is  of  con- 
siderable importance  in  assessing  anv  uncer- 
tainty allowances  which  should  be  apphed  in 
deciding  upon  what  yields  and  population  lev- 
els the  management  procedure  should  be 
based. 

In  addition  to  these  2  sufficient  condi- 
tions, the  situation  in  field  2  can  also  bring 
about  stabilization  above  the  true  OYL  pro- 
vided  that  a  second  requirement  is  also  met. 
Thus  we  have  a  third  sulficient  condition,  i.e., 

(c)  Maximum  permitted  catch  is  less  than 
sustainable  yield  at  current  population 
level.  I.e.,  MPC  <  SY. 

Finally,  it  may  be  noted  from  Figs.  IE 
and  IH  that  if  the  adjusted  estimated  OYL  is 
greatly  in  excess  of  the  true  OYL,  stabihty  is 
only  achieved  at  high  population  levels  and 
consequently  low  sustainable  yields.  This  ap- 
plies whether  the  estimated  OY  used  is  above 
or  below  the  true  value.  Selection  of  an  ap- 
propriate estimated  OY  population  level  is 
therefore  probably  more  critical  than  the 
selection  of  an  estimated  OY  in  optimizing 
management  strategy. 

Thus,  the  new  management  procedure 
appears  to  meet  the  first  requirement  satisfac- 
torily in  that  a  stable  population  at  or  above 
the  ojplimum  level  will  be  ultimately  achieved 
provided  that  any  one  of  conditions  (a),  (b) 
and  (c)  is  met.  The  stable  level  will  never  be 
more  than  10  %  below  estimated  optimum 
yield  and  will  commonly  be  above  it. 

The  procedure  also  meets  the  third  re- 
quiremcnt  fairly  satisfactorily  in  that,  provid- 
ed no  abrupt  changes  in  estimates  are  made,  it 
will  bring  the  population  to  the  desired  level  as 
rapidly  as  natural  population  growth  rates 
allow  while  avoiding  very  severe  discontinui- 
ties in  effort.  For  populations  initially  near  the 
unexploited  level,  an  increase  in  effort  by  a 
factm*  unlikely  to  be  more  than  2.0  would  take 
place  over  several  years  as  the  population  was 
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reduced  to  MSY  level  while  maintaining  (he 
catch  constant  at  the  0.9  MSY  level.  For  po- 
pulations below  the  target  level,  a  more  signi- 
ficani  increase  in  eflbrt  would  be  required  to 
achieve  the  permitted  catches  ;is  the  popula- 
tion rose  from  10  %  below  MSY  level  to  MSY 
level,  but  even  diis  would  noimally  be  s]»ead 
over  several  years. 

The  fourth  requirement,  (hat  the  pro- 
cedure should  cause  the  population  to  change 
in  size  significantly,  will  be  satisfactorily  met 
for  populations  which  initially  were  well  away 
from  MSY  level.  In  the  case  of  populations 
believed  to  be  close  to  this  level,  however,  little 
change  would  occur  and  thus  it  would  be  dif- 
ficult to  assess  the  accuracy  of  the  model  on 
which  the  procedure  is  based. 

The  fmal  requirement,  that  in  order 
to  provide  adequate  data  for  the  assessment  of 
the  relation  between  yield  and  population  size, 
an  industry  should  be  permitted  to  operate 
over  a  range  of  population  sizes,  will  only  be 
met  for  populations  initially  well  above  MSY 
level,  since  populations  well  below  ihi.s  level 
will  be  protected  until  they  are  within  10  %  of 
it 


Conclusions 


It  appears,  therefore,  that  the  present 
procedure  ol  the  IWC  is  fairly  satisfactory  as  a 
management  procedure  to  reach  the  most  ob- 
vious objectives,  jMPoWded  that  the  populatioii 


parameters  are  reasonably  accurately  known. 
It^  chief  weakness,  particularly  as  apphed  to 
populations  already  below  MSY  level,  is  that  it 
wiU  make  it  difTicult  to  obtain  the  data  whidi 
are  needed  to  enable  the  estimates,  and  there- 
fore the  procedures  themselves,  to  be  amended 
and  improved.  It  is,  of  oouise,  based  on  the 
assumptbns  that  in  die  present  state  of  know- 
ledge, numerical  maximum  sustainable  yield 
is  the  most  practicable  defmition  of  optimum 
yield,  that  it  is  only  practicable  to  manage  eadi 
species  individually,  and  that  changes  in  pop- 
ulation size  or  structure  due  to  natural  or 
man-induced  environmental  effects  are  neg- 
ligible compared  to  th(»e  resulting  from  ex- 
ploitation. 

A  number  of  studies  have  been  made, 
from  the  days  of  the  Committee  of  Four 
Scientists  onward,  on  the  effects  on  a  given 
population  of  various  alternative  management 
procedures.  Such  studies  are  generally  fairly 
simple  and  the  technit^ues  on  which  they  are 
based  are  well-e^bhshed.  Little  attention 
has,  however,  been  given  to  the  self-correcting 
characteristics  of  management  procedures, 
i.e.,  the  extent  to  which  they  will  provide  data 
which  will  provide  a  basis  for  improving  them. 
The  foregoing  analysis  suggests  that  there  is  a 
real  need  for  studies  aimed  at  identifying  man- 
agement prcKedures  which  would  produce 
sufficient  data  to  enable  the  model  to  be  fur- 
ther improved  while  at  the  same  (imc  provid- 
ing for  adequate  protection  of  the  slocks  and 
for  the  realization  of  safe  and  desirable  yidds 
fiom  them. 


Clark,  C.W.,  Economic  aspects  of  renewable  resource 
1976       exploitation  as  applied  to  marine  mammals 
Paper  presented  to  the  Sdenufic  Consultation 
on  the  Cooservafioa  and  Managoncnt  of 


Marine  Mammab  and  their  Envinmmefit, 

Bergen,  Nop* ay.  31  August-9  September, 
1976,  Rome,  FAO,  ACMRR/MM/SC/65: 13p. 
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Abstntct 

This  note  di'iciisses  the  medium-lcrm  strategies  that  might  be  pursued  in  managing 
marine  mammals.  Any  such  strategy  must  lake  into  account  inter  alia  the  uncertainties  in  the 
estimates  of  population  parameters  (abundance,  mortality  rates,  etc.).  possible  long-term 
changes  in  human  priorities  (e.g.,  the  possible  direct  use  of  krill).  and  the  desirability  for 
year-io-year  changes  in  regulations  (e.g.,  catch  quotas)  to  be  reasoni^ly  small  so  as  to  allow 
those  afTected,  especially  the  uidustry,  to  be  able  to  adjust  their  operation. 

Managcr.icnt  piIiLics  shuuld  also  be  formulated  so  that  the  events  of  the  fisherv  provide 
as  much  additional  intormalion  on  the  stock,  so  as  to  provide  better  estimates  of  the  optimum 
population  levd  and  austamable  catch.  It  is  suggested  that  present  polKies  are  not  likely  to 
satisfy  these  criteria,  and  alternative  strategies  are  proposed. 

Cetie  note  iraite  des  strategics  a  moyen  termcqui potticaient  Itre  appliqotes  1  tagestion 
des  mammifcres  marins.  Touie  strategie  de  ce  genre  doit  tenir  compte.  entre  autres,  de 
rimprecisiun  relative  aux  paramcircs  dc  population  (abondancc,  laux  de  mortalitt^.  etc.).  des 
cfaangements  possibles  k  long  terme  dans  les  prioritis  humaines  (par  exemple.  I'^ventuelle 
utilisation  directc  du  krill).  et  du  fait  qu'il  est  souhaitahic  que  tf'nne  anndc  k  I'autre  les 
rdglementations  (noiamment  sur  les  contingents  de  prises)  ne  subutsent  que  des  revisions 
modMes,  de  maniire  k  permettre  aux  secteurs  d'aval  —  sp6cialemcnt  rindustrie — d'ajuster 
leius  activitds  en  consequence 

Les  politiques  de  gestion  doivent  egalenient  ^tre  Ibrniulees  en  prescrivant  que  les 
op^ations  de  p6cbe  fottrairaot,  sur  le  stodc,  des  informatiMis  suppKmeataires  qui  permet- 
trnn;  d'esiimcr  pliis  pffeistoient  le  niveau  optimal  de  popnlation  ct  le  vendement  eu- 
metrique. 

U semUe  qu«  les  p^>iitiques  actuelles  ne  soient  sans  doule  pas  adaptees  pour  satisfaire 
ces  ctiiftres,  et  de  nouveUes  strai^ies  sont  pn>pos6es. 

Extracto 

En  esta  nota  se  examinan  las  estrategias  a  plazo  medio  que  podrian  aplicarse  para  la 
ofdenaciAn  de  los  mamiferos  marinos.  Toda  estrategia  debe  tener  en  cuenta,  entre  otras  cosas, 
el  caractcr  incicrlo  de  las  estimacioncs  dc  los  parametros  dc  poblacion  (abundancia.  mortali- 
dad.  etc.),  los  posibles  cambios  a  largo  plazo  de  las  prioridades  que  se  Hja  el  g^nero  humano 
(por  cjempio,  el  posible  uso  directo  del  krill)  y  la  convenienda  de  mantener  dentro  de  Kmites 
razonables  ks  modificadones  anuales  de  las  normas  estableddas  (por  ejemplo,  los  cupos  de  93 
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cap(ura^).  para  que  k»  sectOKS  afectadoB,  en  especial  el  sector  pesquero,  puedan  ajusiar  sus 

operaciones. 

Las  politicas  de  <ndenad6n  deben  formularse  de  manera  que  se  obtenga  de  la  pesqucria 

toda  la  informacion  adicional  posible  sobrc  pohlacion.  para  poder  preparar  mejorcs  cstima- 
aoaci  del  nivcl  Optimu  dc  poblacidn  y  dc  ia  captura  sosicmhlc.  Se  indica  que  probabiemente 
las  actuales  pohticas  no  se  ajuataii  a  esos  criterios,  y  se  proponen  otras  posiUes  estrategias. 


J. A.  (iuUanii 

Chief,  Marine  Resources  Service.  Fishery  Resources  and  Environment  Division,  Department  of 
Fisheries,  FAO,  Via  delle  Terme  Ui  Curacalla,  OOiOU  Rome.  Italy 


Polk^,  strategy  and  tactics  of  manage- 


The  management  of  marine  mammals 
has  been  so  extensively  discussed  daring  die 

past  few  years  that  it  might  appear  superfluous 
to  add  anything  more.  However,  the  discus- 
sions  have  been  mainly  oonoeraed  either  with 
the  general  principles  and  policy  of  manage- 
ment (should  we  aim  at  MSY,  MEY,  etc.)  or  at 
the  other  extreme  of  the  range  of  problems, 
Le.,  with  arguments  on  what  the  quota  of,  say, 
Antarctic  fin  whales  should  be  in  the  forth- 
coming vear  Less  a!(en!ion  has  been  paid  to 
the  middle  area  of  general  strategy,  i.e.,  the 
pattern  of  policies  over  a  period  required  to 
achieve  a  general  objective.  This  note  exam- 
ines some  of  the  strategic  aspects  of  these 
middle-term  problems  of  management. 


Uncertainties 

The  impression  that  might  be  gained 
from  some  of  the  discussions  of  principles  is 
that  once  an  objective  (say  MSY  or  optimum 
utilization  of  the  ecosystem)  has  been  deter- 
mined, it  is  then  possible  (and  in  fact  desirable, 
if  not  essential)  to  devise  rather  rigid  rules 
which  will  emure  that  the  objective  is  met. 
This  could  be  a  dangerous  course,  especially  if 
the  procedure  for  amending  the  rules  is  com- 
94     plicated  or  lengthy  in  piactice.  Our  knowledge 


of  population  dynamics  is  certainly  not  good 
enough  to  allow  the  devdopment  of  rules  that 

will  ensure  the  long-term  achievement  of  the 
objectives.  The  International  Whaling  Com- 
mission itself  provides  a  gpod  example.  Its 
initial  objectives,  as  set  out  in  the  documents 
establish  in  1!  the  Commission,  were  excellent 
and,  a  quarter  of  a  century  before  the  main 
flood  of^ environmental  concern,  foieaiiadow- 
ed  many  of  the  ideas.  Further,  the  values  (in 
terms  of  Blue  Whale  Units)  of  the  quotas  orig- 
inally fixed  were  quite  close  to  the  combined 
values  of  the  sustainable  yields  of  the  stocks  at 
the  time  that  the  IWC  was  established.  Un- 
fortunatelv,  the  quotas  were  slightlv  loo  high, 
and  the  machmery  for  amending  them  was 
somewhat  cumbefsome.  There  was,  for  in- 
stance, no  suggestion  in  the  early  discussions 
that  the  figures  for  the  allowable  catch  given  m 
the  Schedule  should  be  revised  each  year  more 
or  less  automatically  in  the  light  of  scientific 
findings.  The  result  was  that,  for  a  critical  pe- 
riod while  the  stocks  of  fin  whales,  and  the 
sustainable  yields  from  them,  declined  in  the 
fifties,  the  Commission  failed  to  adjust  the 
quotas,  so  that  by  the  time  action  was  taken  in 
1965  the  stocks  were  very  low.' 


I  l(  is  1)1  scimc  inlcrcsi  lhal  one  reason  for  this  paralvsis 
on  the  part  of  Ihc  C  ommissiuo  was  because  its  C  onvention  did 
not  allow  it  to  allocate  national  quotas.  This  was  done  to 
ensure  that  the  Commis.sion  wasaotdisUaoedbyeooiioiiiicor 
ptMitical  a>nsideralions  from  its  laik  of  COOtavatioil.  The 

elTea  was,  in  £Kt,  less  effective  OMiMnraiioii! 


Co|-,  I  |M  ed  material 


MANAGEMENT  STRATEGY 


Safety  factors 

We  have  to  accepl  ihul,  in  practice,  there 
will  always  be  unoeitainty  about  many  aspects 

of  marine  mammals  stocks  including  the  pre- 
cise value  of  their  abundance,  and  of  the  im- 
portant population  parameters.  One  approach 
to  this  uncertainty  has  been  to  apply  safety 
factors  to  all  estimates,  or  at  least  to  the  pro- 
posed quotas.  Since  (he  more  dangerous  errors 
are  those  that  overestimate  the  abundance  and 
the  sustainable  yield,  it  has  been  suggested 
that  action  should  be  taken  on  figures 
somewhat  below  the  best  estmiate  ot  these 
quantities.  For  example,  assuming  that  the 
otjective  should  be  MSY,  and  that  this  occurs 
at  60  ^  of  the  unexploited  population,  a  "safe" 
action  would  be  to  maintain  the  population  at 
70  %  of  the  initial  stock  to  allow  lor  errors  in 
the  estimate  cf  the  stock,  or  of  the  level  at 
which  MSY  occurs.  This  approach,  of  setting  a 
target  figure  (of  a  catch  quota,  or  level  of  stock 
abundance)  deliberately  to  one  side  of  the  best 
avaUable  estimate  of  that  figure  does  represent 
an  explicit  attempt  to  deal  with  the  fact  that 
few,  if  any,  of  the  quantities  or  relations  being 
discussed  are  known  exactiv-  Put  bluntly  in 
terms  of  population  abundance  we  seldom 
know  at  all  precisely  what  the  present  popula- 
tion is,  what  it  ought  to  he  if  our  objectives 
(MSY  or  whatever)  are  to  be  achieved,  or  how 
any  specific  proposed  action  (e.g^  a  catch 
quota  for  the  coming  season)  wm  alter  the 
population.  It  mav  further  be  justified  by  the 
possibility  that  certain  other  objectives,  e.g., 
unproved  economic  returns  or  greater  eoo^- 
stem  stability  woidd  be  adueveld  at  a  larger 
peculation  size. 

Tactically  this  is  a  reasonable  procedure, 
and  in  many  or  most  present-day  situations 
could  lead  to  better  management  actions  in  the 
short  run.  In  the  long  run.  if  reactions  are  swift 
and  information  on  that  state  ol  the  popula- 
tions is  readily  available,  the  most  likely  result 
is  that  the  population  will  be  maintained  at  a 
level  greater  than  that  corresponding  to  the 
best  estimate  or  the  chosen  objective  (MS\ , 
MEY  or  other). 


While  this  errs  on  the  side  of  caution,  it  is 
silly  not  to  attempt  to  reach  the  desired  objec- 
tive directly.  We  can  hope  that  uncertainty  will 
reduce  with  tune  and  we  should  be  able  to 
design  a  management  strategy  that  takes 
advantage  of  increased  knowledge,  and  design 
one  that  helps  to  increase  it.  This  note  exam- 
ines some  of  these  possible  strategies. 

SlRAIhCilhS  FOR  MANAGtMtNT 

An  important  advantage  of  an  empirical 
or  flexible  approach  over  a  more  rigid  formu- 
lation is  that  better  account  can  be  taken  of 
uncertainties  regarding,  for  example,  the  ob- 
jectives to  be  pursued,  or  in  the  current  know- 
ledge of  the  dynamics  of  the  population  or 
system  being  managed.  (Many  of  the  analyses 
lised  80  far  to  determine  the  values  of,  say,  the 
aimual  quota  required  to  achieve  a  given  ob> 
jective,  do  not  take  much  account  of  the 
interaction  between  the  stock  of  animals  being 
mani^ed  and  other  animals  living  in  the  same 
body  of  water).  For  some  time  the  achieve- 
ment of  the  maximum  sustainable  \ield  was 
fairly  widely  accepted  as  the  proper  objective. 
Now  other  objectives  are  suggested.  Clearly  a  ' 
rigid  management  regime  which  would  pro- 
duce the  MSY  will  not  be  satisfactory  if  the 
objective  is  to  maximize  the  economic  return. 
Yet  more  drastic  changes  in  regulations  would 
occur  if  objectives  such  as  maximizing 
"non-consumptive  uses"  -  whale  watching, 
etc.  -  were  adopted.  Even  if  the  objective  is 
unchanged,  it  may  well  be  that  with  additional 
information,  a  given  policy  based  on  the  best 
evidence  available  in  earlier  vears  will  be  seen 
to  be  far  from  the  best  one  to  achieve  the 
chosen  objective. 

This  note  rejects  the  approach  of  some 
theoretical  discussion  of  resource  management 
—  that  no  exploitation  should  occur  until  the 
management  policy  is  established  in  full  detail 
and  that  this  policy  should  be  based  on  "com- 
plele"  scienlific  study,  i.e.,  that  there  should  be 
a  series  of  separate  steps  -  scientific  research; 
estabtishment  of  mani^ement  policy;  and  9S 
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controlled  harvesting  of  the  resource.  The  ar- 
gument presented  here  is  rather  that  research, 
managonent  and  exploitation  should  be  oon- 
sidcred  as  a  whole,  with  continuing  interaction 
between  each  activity.  It  follows  the  lines  dis- 
cussed by  Walters  and  Hiibom  (1976)  and 
Silver!  (1978)  in  which  leseardi  and  manage- 
ment are  iateiacting  processes. 


Changes  and  uncertainties 


CONIMTIONS  FOR  EXPERIMENTAL 
MANAGEMENT 

Traditional  analyses  of  populations  for 
proposing  management  actions  have  usually 
Dcen  concerned  with  equilibrium  conditions, 
and  single,  steady-state  values  of  quantities 
such  as  stock  abundance,  and  sustainable 
yield.  For  the  presmt  purpose  we  are  more 
concerned  with  changes,  rates  and  differences 
-  for  example,  the  size  of  annual  changes  in  a 
population  that  might  be  caused  by  exploita- 
tion or  fay  natural  factora,  or  that  could  be 
detected  by  different  methods  of  analysis.  We 
are  also  concerned  with  the  speed  with  which 
regulations  can  be  changed  -  e.g.,  quotas  re- 
duced —  taking  account  of  the  time  needed  for 
scientists  to  carry  out  the  necessary  observa- 
tions, and  for  the  negotiations  and  adminis- 
trative actions  to  be  carried  out. 

If  the  relative  rates  at  which  the  popula- 
tion can  change,  and  at  which  modifications 
can  be  introduced  to  a  management  regime' 
are  favourable,  then  management  can  be  en- 
tirely emjrirical.  That  is,  if  the  population 
changes  slowly,  but  the  effects  of  exploitation 
can  be  quickly  detected,  and  action  can  be 
taken  quickly  to  counteract  these  effects,  then 
littie  sophisticated  analysis  is  needed.  For  a 


'  "Regime"  is  uied  beic  is  denoliDg  die  set  of  nfula- 
lioat  (catch  quotas,  doted  aiCM)  in  font  ot «  paitieaitar  iBO- 
ment  or  during  a  poftkolir  yeir. 


given  skvck  level  an  initial  quota  (or  other  reg- 
ulation) can  be  set  more  or  less  at  random 
and  adjusted  up  or  down  according  to  whether 
the  stock  increases  or  decreases  from  the  initial 
level  occurring  when  the  management  policy  is 
introduced.  A  few  years  of  such  trial  and  error 
wiO  show  what  catch  can  be  taken  that  will 
leave  the  stock  unchang^  ie.,  it  will  deter- 
mine a  sustainable  yield  from  that  stock  I  hcn 
allowing  the  stock  to  be  reduced  a  littie  will 
sd^ow  whether  a  smaller  stodc  will  give  a  **bet- 
ter**  sustainable  yield,  and  further  trial  periods 
will  permit  the  determination  of  the  "best" 
sustainable  yield.  Clearly,  analysis  using  even 
a  simple  model  (e.g.,  the  parabolic  stodc/sus- 
tainable  yield  curve)  can  greatly  reduce  the 
period  of  trial  and  error  required  before  the 
"best"  position  is  located.  Provided  the  reac- 
tion time  of  management  is  quick  enough  the 
stock  abundance  need  not  change  much  ex- 
cept in  the  deliberate  search  for  the  "best" 
level. 

In  practice,  conditions  may  not  be  ideal. 

Ex[doitation  may  very  quickly  have  a  sev  ere 
impact  on  the  stock,  or  if  the  impact  is  less  than 
severe,  it  may  be  some  time  before  it  becomes 
effective  on  the  exploitable  stock  (e.g.,  if  re- 
cruitment is  affected,  there  will  be  at  least  a 
delay  equal  to  the  period  between  birth  and 
recruitment);  the  efl'ect  may  take  time  to  be 
detected,  and  once  detected  there  may  be  de^ 
lays  before  the  necessary  adjustment  to  catch 
quotas,  etc.,  can  be  made.  Any  of  these  effects 
can  result,  if  the  initial  regulations  are  wrong, 
in  serious  damage  being  done  to  the  stodc. 


Relation  to  marine  mammai.s 

Fortunately,  manv  of  the  factors  relating 
to  manne  mammals  and  thcu  exploitation  and 
management  are  favourable  to  a  controlled 
empirical  approach.  Variations  in  population 
abundance  (other  than  caused  directly  by 
man)  seem  to  be  very  small,  and  the  critical 
rates  (net  recruitment,  natural  mortality  and 
fishing  mortality  within  the  sustainable  range) 
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are  all  low  -  a  few  percent  per  year  in  ihe  case 
of  whales,  and  probably  no  more  lhan  perhaps 
10-15  %  per  year  for  smaller  marine  mammals 
compared  with  natural  mortality  rates  in  fish 
stocks  which  can  reach  50  %  per  annum  in 
small  tropical  species.  Those  concerned  with 
management,  paiticutarly  of  whales,  have  be- 
come well  aware  of  the  need  for  prompt  ac- 
tion. Thus,  once  the  need  for  action  has  been 
identified,  e.g.,  as  a  result  of  a  scientific 
monitoring  programme  which  is  capable  of 
detecting  when  the  population  has  departed 
from  some  optimum  level,  it  is  liicely  that  ac- 
tion wQl  be  taken  before  ihc  departure  fifom 
optimum  has  greatly  incTeased. 

A  less  favourable  factor  in  marine 
mammals  is  the  critical  one  of  detecting 
changes  in  abundance.  When  this  can  be  done 
with  a  high  degree  of  accuracy,  then  it  will  he 
relatively  easy  and  involve  no  risk  of  damage 
to  the  stock,  to  feel  the  way  to  the  optimum 
harvesting  pattern  by  trial  and  error.  When 
detection  is  slow  —  e.g..  the  best  estimates  of 
absolute  or  relative  abundance  in  any  one  year 
are  subject  to  large  sampling  error,  so  that 
even  a  large  change  in  population  abundance 
is  only  detectable  in  average  values  taken  over 
a  long  period  -  then  the  error  following  an 
umuccessftU  trial  could  involve  a  serious  de- 
cline in  the  stock. 

Nevertheless,  it  seems  worthwhile  to 
examine  the  possibilities  of  adopting  a  less 
rigid  and  more  empirical  approach  to  the  ex- 
ploitation of  marine  mammals,  and  especially 
to  consider  the  form  it  could  take  and  the 
practical  steps  required,  includmg  arrange- 
nMnts  for  spodBc  sdentific  pro^wnmes  and 
for  timety  implemaitation  of  management 
action. 


Constraints  and  policy  considerations 

In  establishing  a  flexible  strategy,  which 
explicitly  acknowledges  the  likely  need  to 
modify  at  regular  intorals  the  detailed  objec- 


tives being  pursued  and  the  tactical  measures 
(e.g.,  the  values  of  annual  catch  quotas)  used 
to  pursue  tiiese  objectives,  3  broad  groups  of 
interests  need  to  be  taken  into  account: 

(a)  short-term  interests  of  the  industry  and 
other  current  users  of  the  resource; 

(b)  long-term  interests  of  all  future  users, 
actual  or  potential; 

(c)  the  need  to  obtain  better  information  on 

the  resource. 

These  groups  are  likely  to  conflict  to  a 
greater  or  lesser  extent.  The  conflicts  between 
short-term  and  long-term  interests  are 
well-known,  but  it  may  also  be  noted  that 
strategies  to  obtain  maximum  infc^rmation  arc 
likely  to  involve  large  and  rapid  changes  in  the 
harvesting  pattern,  which  will  conflict  with 
Other  interests,  especially  when  the  quotas  (or 
similar)  are  drastically  reduced.  There  must 
therefore  be  trade-offs  between  the  3  groups, 
as  well  as  between  different  aspects  within 
groups.  Well-known  simple  strategies  can  be 
derived  as  special  cases  of  these  trade-offs. 
Thus  MSY  will  be  the  preferred  strategy  if 
interests  are  measureo  only  by  catch, 
long-term  and  short-term  interests  are  com- 
bined by  giving  equal  weight  to  the  catch  in 
each  year  (for  an  indeterminate  distance  into 
the  future),  and  no  account  is  paid  to  improv- 
ing information  on  the  resource.  In  fact,  MSY 
policies  are  often  put  forw  ard  with  the  implicit 
assumption  that  the  resource,  or  at  least  the 
value  of  the  MSY,  is  known  perfectly. 


Industrial  adaptability 

The  returns  to  short-term  or  long-term 
interests  are  determined  by  several  factors,  of 
which  the  magnitude  of  the  catch  is  only  one. 
In  a  given  season  commercial  interests  need  to 
pay  attention  to  such  things  as  costs  of  inputs, 
prices  of  products,  etc.,  as  well  as  to  gross  pro- 
duction. Fnnn  year  to  year  the  changes  in  97 
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production  are  as  important  as  the  absolute 
level.  Over  the  last  decade  whaling  interests 
have  found  themselves  adapting  to  levels  of 
allowable  catch  which  a  few  years  previously 
would  have  been  considered  catastrophic  and 
unacceptable.  This  does  not  imply  that  their 
earlier  protestations  were  unjiistineiil.  Rather  it- 
shows  mat  people  and  organizations  can  adapt 
to  most  changes  if  the  period  for  adaptation  is 
adequate.  A  sudden  reduction  of  half  or  more 
in  total  income  in  a  single  year  (the  implicit 
resuh  of  some  of  the  proposals  nuide  to  the 
IW(1  is  not  easily  accepted  by  anyone.  Sud- 
den increases  in  catch  quotas  are  not  so  ob- 
viously objectionable,  but  any  sudden  feast  of 
this  type  can  lead  to  industrial  or  economic 
indigestion  An  important  objective  within  the 
short-term  considerations  should  therefore  be 
to  minimize  the  year-to-year  changes  in  the 
r^uktions,  e.g.,  to  ensure  that  the  catdi  quota 
is  not  changed  by  more  than  10  %  in  any  year. 


Long-term  objectives 

Long-term  considerations  have  been 
discussed  at  leng;di  dsewheie.  Here  it  is  suffi- 
cient to  note  that  there  are  a  number  of  quite 
different  objectives  —  including  maximizing 
catch,  net  economic  return,  or  employment \ 
oisuring  the  stability  of  the  ecosystem,  "opti- 
mizing the  contribution  of  marine  mammals  to 
that  ecosystem"  (a  concept  that  is  not  easy  to 
translate  into  concrete  pohcy)  —  some  ol 
wh^  are  less  quantifiable  than  others.  It  may 
be  assumed  that  an-,  balance  between  objec- 
tives that  might  be  agreed  in  1975  is  not  the 
same  as  that  which  might  be  agreed  upon  in 
1985  or  2075.  If  we  cannot  be  sure  what  the 
precise  objectives  will  be  in  the  future,  it  is 
useless  to  try  and  set  precise  rules  in  order  to 


>  Maximiring  employmqit  is  a  bad  tong-tem  objective, 
since  with  a  iiinitea  naonice,  it  puts  a  ceiling  on  die  benefits 
noeivied  by  each  pm/m  employed  In  the  short  to  me- 
ditliD  tem,  tmlO  allenwlive  occupations  are  developed,  it  is 
often  an  important  oonadcfation. 


reach  them.  However,  it  should  be  noted  that 
most  objectives  will  be  most  easily  achieved  if 
the  population  abundance  is  high. 

RtSOLUllON 

Discount  Rates 

The  main  conflict  in  fisheries  between 
diort-torm  and  long-tenn  interests  occurs  be- 
cause most  fisheries  are  open  access,  so  that 
the  individual  lisherman  has  httle  opportunity 
to  affect  his  long-term  catches.  With  few  ex- 
ceptions any  animal  which  he  does  not  capture 
when  he  can  will  be  caught  by  someone  else  in 
the  future,  i.e.,  the  trade-oil  is  between  his  own 
short-term  interests  and  the  long-term  interest 
of  someone  else.  However,  even  the  existence 
of  a  single  owner  of  a  resource  would  not  re- 
solve all  the  problems  of  balancing  short-term 
and  long-term  interest  Partly  this  is  because 
the  timing  of  benefits  (e.g.,  the  value  obtained 
from  harvesting  a  fin  whale)  has  an  influence 
on  the  real  worth  of  these  benefits.  The  sooner 
benefits  are  available,  the  more  useful  (in  gen- 
eral) they  are  likely  to  be.  The  economic  as- 
pects of  timing  can  be  dealt  with  by  using  an 
appropriate  discount  rate  and  the  value  of  this 
rate  can  influence  the  management  regime 
adopted  to  pursue  certain  objectives.  For 
example.  C.W.  Clark  ( 1973,  1976)  showed  that 
if  the  fellmg  policy  for  a  long-lived  forest  is 
deteimined  by  discounting  future  harvests  at 
some  reasonable  rate,  then  the  average 
long-term  harvest  (assuming  mstant  replant- 
ing of  trees  after  felling)  is  less  than  il  a  zero 
dtscoimt  rate  is  used.  This  is  true  if  all  the  net 
income  is  used  outside  the  forest,  though  if  the 
discount  rate  is  realistic  the  economy  as  a 
whole  should  leel  better  ofT.  However,  if  the 
mon^  that  is  available  earlier  from  cropping 
trees  when  still  comparatively  small,  is  invest- 
ed in  developing  forest  technology,  applying 
fertilizer,  pest  control,  etc.,  it  is  probable  that 
the  average  long-term  harvest  will  be  increas- 
ed. The  same  principles  apply  to  harvesting 
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marine  mammals.  Thmigh  it  is  not  so  obvious 
where  investment  from  current  harv  ests  can  be 
used  produclively  for  improving  future  whale 
harvests,  taking  the  wider  view  there  are  many 
places,  especially  in  developing  countries, 
where  it  wou!d  be  more  desirable  to  use  in- 
come generated  now  rather  than  having  to  wait 
for  some  undefined  period  in  the  future.  Even 
if  marine  mammals  and  their  ecosystem  are 
viewed  in  isolation,  it  is  clear  that  money  spent 
on  research  now  should  lead  to  better  man- 
agement in  the  future,  and  the  need  to  finance 
this  research  (assuming,  as  would  he  reason- 
able in  a  logical  world,  that  a  proper  method  of 
financing  this  research  is  from  the  procccd:> 
fiom  current  harvests)  provides  a  reason  to 
give  some  greater  weight  to  present  in  favour 
of  future  catches.  That  is,  m  determining 
long-term  strategy  a  non-zero  discount  rale 
should  be  used. 


Value  Changes 

Another  factor  that  makes  balancing 
long-term  and  short-term  interests  difficult  is 
that  the  perceived  value  ot  a  particular  whale 
species  can  change.  For  example,  a  fin  whalt 
caught  in  1965  was  worth  more  than  one 
caught  in  1950  because  more  use  was  made  of 
the  meal  and  other  products,  whereas  earher 
Ae  <m1  was  the  main  product.  One  factor  that 
could  greatly  change  the  perceived  value  of  a 
whale  in  the  future  is  the  use  of  other  elements 
of  the  ecosystem.  If  even  the  more  conserva- 
tive estimates  of  the  potential  harvest  of  krill 
from  the  Antarctic  are  correct,  and  the  tech- 
nological and  economic  problems  of  large- 
scale  harvesting  and  use  of  knil  are  solved, 
the  harvesting  of  krill  (?  100  million  tons  per 
year)  will  be  much  more  important  to  man- 
kind than  that  of  Antarctic  whales  (a  maxi- 
mum of  ?  2  million  tons).  This  is  likely  still  to 
be  true  even  if  krill  has  to  be  fed  through 
battery  chickens  for  batter\'  salmon  or  sole)  to 
be  acceptable.  The  conversion  effidency  of 
some  of  these  animals  with  present  feeds  is 
high  (20  %  or  better);  Piobabfy  the  efficiency 


of  use  of  krill  would  be  lower  because  of  the 
high  chitin  content,  but  it  would  almost  cer- 
tainly still  be  considerably  higher  than  that 
achieved  through  whales.  The  efficiency  of 
whales  as  convertors  of  krill  to  human  food 
may  be  somewhat  different  from  the  2  %  im- 
plied by  the  figures  above  but  is  certainly  low. 
Lockyer  (1976)  has  examined  the  energy 
budget  in  detail  and  found  that  the  growth 
efficiency  varied  between  33  %  (for  suckling 
calves)  to  1  %  (for  aduiis).  If  we  have  to  give  up 
eatmg  beef  so  that  the  grain  used  for  cattle 
fattening  can  be  used  for  feeding  people,  the 
same  mav  be  true  in  the  sea.  at  one  further 
stage  in  the  food-chain.  We  can  hope  that  care- 
ful bill  harvesting  and  whales  can  coexist, 
but  the  human  valuation  of  a  whale  would 
then  include  its  elTect  as  a  predator  or  compet- 
itor, as  well  as  its  direct  economic  or  aesthetic 
value.  Again  we  must  accept  the  possibility  of 
quite  radical  changes  in  policy  objectives,  and 
hence  in  at  least  tactical  decisions. 


Information  needs 

The  need  to  improve  the  inlormation  on 
the  resource  has  received  little  attention  as  a 

factor  in  determining  management  pohsy. 
Since  the  present  knowledge  of  the  resources 
of  marine  mammals  is  lar  Irom  good,  it  seems 
highly  desirable,  other  things  being  approxi- 
mately equal,  to  choose  management  policies 
that  offer  the  best  chance  of  improving  that 
knowledge.  The  information  is  likely  to  be 
increased  by  policies  that  allow  large  changes 
in  population.  Such  changes  should  generate 
the  densitv-dcpendent  changes  in  the 
parameters  ot  ihc  population  (mortality  and 

pregnancy  rates,  age  at  maturity,  net  repro- 
ductive rate,  etc.)  for  which  estimates  are 
needed  to  be  included  in  assessment  models. 
In  practice  most  policies  currently  adopted 
minimize  changes,  and  therefore  do  not  gene- 
rate new  information.  Except  for  the  stocks 
that  were  accidentally  depleted  (and  loo  often 
even  for  these  the  vital  data  were  not  odiected 
at  the  timeX  we  do  not  know  enough  about  99 
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how  population  parameters  vary  with  abun- 
dance to  determine  what  the  optimum  popula- 
tion size  and  harvest  would  be  to  aoooid  with 
any  given  strategy.  For  example,  the  belief  that 
MSY  occurs  at  half  the  unexploited  popula- 
tion is  only  the  consequence  of  one  simple 
model  with  little,  if  any,  observatioiial  basis, 
and  other  beliefs  that  MSY  occurs  at  60  %  or 
80  %,  have  little,  if  any,  stronger  foundation.  If 
we  wish  to  be  sure  of  achievmg  close  to  MSY 
in  the  ibture,  we  should  now  be  aUowtng  the 
population  to  vary  across  the  likely  range  of 
the  optimum  level  in  order  to  define  it 
adequately.  This  implies  that  in  some  recent 
years  the  population  will  be  appreciably  dif- 
ferent from  the  optimum  and  we  are  again 
involved  in  a  trade-off  between  current  and 
future  values  -  to  what  extent  can  we  accept  a 
l«s>than-perfect  situation  now  in  order  to  get 
a  doser-to-pcrfcct  situation  in  the  future.  It  is 
improbable  that  the  "best"  trade-off  is  defin- 
able, but  some  degree  of  trade-off  seems  de- 
sirable. It  does  hot  seem  to  be  the  best  poUcy  to 
tr  ti  ;;ct  immediately  as  close  as  possible  to 
the  estimated  "perfect"  situation  at  the  cx- 

J)ense  of  belter  luture  estimates.  A  promising 
brm  of  trade-off  is  to  follow  the  suggestion 
that,  taking  advantage  of  what  appears  \o  he  a 
fair  degree  of  independence  of  sperm  whale 
stocks  xn  the  Antarctic,  each  of  those  stocks 
should  be  exptoited,  over  the  next  few  years, 
deliberately  at  different  rates.  This  question 
has  been  recently  discussed  by  Silvert  ( 1978), 
who  points  out  thai  in  the  absence  of  man- 
agement actions  designed  to  increase  the 
knowledge  of  the  resource,  the  exploitation 
pattern  may  be  frozen  permanently  in  a 
sub-optimal  condition. 


A  dytauAc  strategy 


Given  this  background,  an  outline  of  a 
dynamic  management  strategy  can  be  propos- 
ed. It  could  consist  first  of  a  proposed  regime 
(annual  catch  quotas,  etc.)  based  largely  on  the 


best  current  estimates  of  population  abun- 
dance, sustainable  yield  and  present  views  on 
what  immediate  and  long-term  objectives 
should  be;  second,  of  a  well-defined  ^stem  for 

making  adjtistments  lo  this  regime  each  year  in 
the  Ughl  ot  experience  ol  the  past  year. 

The  type  of  approach  may  be  made 
dearer  by  a  hypothetical  example.  Suppose  an 
unexploited  stock  is  believed  to  contain 
100  000  whales,  and  the  generally  accepted 
objective  is  MSY,  which  is  estimated  to  be 
3  000  animals,  occurring  at  a  stodc abundance 
of  60  (XK).  I'urther.  it  can  be  accepted  that 
there  could  be  errors  of  factors  of  up  to  x  2  in 
the  estimation  of  the  original  stock  size  and  of 
the  ratio  of  MSY  to  the  stock  abundance. 
Further,  it  may  be  known  that,  for  operational 
reasons,  changes  in  the  quotas  of  successive 
years  of  more  than  SOO  anunals  are  diflicult  for 
the  industry  to  accept 

Neglecting  the  possibility  of  error  in 
esumaiing  abundance  but  accepting  some  un- 
certainty in  MSY,  a  reasonable  programme 
might  be  to  reduce  the  stock  fairly  rapidly  lo 
perhaps  40  000  or  50  000  animals,  and  then  cut 
the  quota  to  allow  a  recovery  to  around  ihe 
MSY  level,  which  might  thereby  be  quite  well 
estimated,  as  might  be  the  level  necessary  to 
achieve  any  other  objective  (e.g..  net  ea^nomic 
return)  that  might  receive  greater  altenUon  in 
the  future.  The  detailed  programme  might  be 
catches  of  5  000  whales  for  years,  reduced  in 
steps  of  500  to.  say.  3  500  umil  the  planned 
stock  reduction  had  been  achieved  (perhaps  in 
a  further  10  years,  depending  on  the  pattern  of 
sustainable  yield  as  a  function  of  stock),  fol- 
lowed bv  a  further  phased  reduction  ot  quota 
to  2  000  until  the  stock  is  at  or  close  lo  the  MSY  i 
level.  At  this  stage  or  eartier,  a  further  pro-  | 
gramme  could  be  elaborated  lo  pursue  more 
closely  the  objective  of  MSY,  or  some  other 
objective,  or  to  define  more  precisely  the  pop- 
ulation parameters.  This  initial  programme, 
if  not  adjusted,  would  run  into  trouble  if  the 
true  slock  were  only  50  000  animals  and  the 
MSY  only  2.5  %  of  the  population.  How  much 
trouble  would  depend  on  how  quickly  the 
error  in  estimation  is  detected  and  acted  on.  It 
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could  well  be  that  detection  would  not  occur 
for  5  years  and  correction  involve  another 
year;  by  then,  to  prevent  the  stock  falling  to  the 
possible  danger  level  would  require  an  unde- 
sirably drastic  cut  in  quota.  That  is,  the  pro- 
gramme docs  not  guard  adequately  against  the 
possibility  ol  error.  On  the  other  hand,  scalmg 
the  whole  programme  down  to  match  the  most 
pessimistic  estimates  would  be  unnecessary. 
An  intermediate  programme,  e.g..  quotas  of 
initially  3  000  whales  should  not  involve  a 
dan^r,  even  if  the  worst  hypotheses  were  true, 
but  Tic  cldscr  to  the  programme  that  would  he 
appropriate  if  the  best  estimates  were  true.  1  he 
best  value  of  ilie  catch  in  such  a  programme 
could  be  defined  as  the  largest  that  would 
allow  action  to  be  taken  to  prevent  the  stock 
falling  to  the  "danger  level"  even  for  the  worst 
possible  values  of  likely  population  abun- 
dance and  other  parameters,  for  the  slowest 
likely  speed  of  detecting  changes  and  acting 
on  them,  and  without  requiring  that  annual 
quotas  change  at  more  than  the  acceptable 
speed.  Exceptionally  (with  quick  reaction) 
this  may  be  larger  than  the  catch  determined 
as  desirable  using  the  best  estimates.  In  that 
case  no  modification  of  the  programme 
would  be  needed  to  guard  against  disaster. 

In  tlic  followins:  vear  the  knowledge 
about  the  resource  should  be  improved,  and 
the  views  on  immediate  or  long-term  objec- 
tives might  have  changed.  This  will  require 
consideration  of  changes  in  the  management 
programme.  An  essential  element  of  a  dy- 
namic strategy  is  that  these  changes  -  partic- 
ulaity  those  related  to  additional  knowledge  of 
the  resource  should  he  automatic.  That  is, 
the  programme  set  out  m  previous  years  (spc- 
dficalfy  the  leveb  of  the  catch  quotas)  would 
only  remain  unaltered  if  there  were  positive 
evidence  that  the  estimates  of  population  size, 
etc.,  on  which  they  were  based  were  still  rea- 
sonabte.  This  implies,  as  suggested  by  Larkin 
(1972)  that  the  scientific  advice  on  manage- 
ment (e.g..  catch  quotas)  contains  an  explicit 
and  detailed  prediction  of  what  would  happen. 
Li  the  cxamfue  liae»  one  part  of  the  jwediction 
would  be  that  the  stock  would  dechne  by  S  % 


per  year  for  the  first  few  years.  Further,  this 
prediction  should  include  a  note  on  the  preci- 
sion with  which  changes  in  abundance  can  be 
detected,  from  catches  per  unit  effort  or 
otherwise.  If  this  were  ±  10  %,  the  estimates 
of  population  in  successive  years  would  be 
expected  to  tall  within  the  following  ranges 
(as  percentages  of  the  original  abundance) 
85-105;  80-100;  75-95,  etc.  If  the  estimate  falls 
outside  this  ranee,  then  the  catch  quota  is 
adjusted  upward  or  downward  by  a  unit  step 
of  500  whales.  In  practice,  rather  more  com- 
plicated decision  rules  would  be  needed,  for 
example,  to  take  account  of  trends  over  one 
year,  or  to  allow  for  different  sizes  of  quota 
adjustments  (within  the  acceptable  limit  of 

sdo). 

The  difference  in  approach  suggested 
here  may  be  seen  with  respect  to  some  ol  the 
current  discussions  concerning  the  manage- 
ment of  whale  stocks  in  different  states  ("pro- 
tected", "initial  management"  or  "sustainable 
yield").  For  protected  stocks  no  immediate 
change  would  be  suggested  for  the  badly  de- 
pleted slocks  -  the  fa.ster  they  are  restored  the 
bcKor  -  hut  as  thev  approach  the  "sustained 
yield"  range,  a  dynamic  management  policy 
would  tend  to  favour  an  earlier  re-introd  uction 
of  moderate  harvestint:,  so  as  to  obtain  better 
information  from  the  lower  sizes  of  population 
abundance,  as  well  as  to  avoid  the  practical 
economic  diiTicuIties  involved  in  a  sudden 
switch  in  catches  from  zero  to  around  MS^ 
level.  Conversely,  for  initial  management 
stocks  a  more  cautious  approach,  Le.,  smaller 
catoh  qu<Ma8,  may  be  desirable  for  similar 
reasons  -  to  get  more  information  and  to 
avoid  sudden  changes  in  quota,  especially 
when  the  initial  information  on  the  resource  is 
poor. 

The  biggest  difference  concerns  stocks 
around  the  sustained  yield  level.  For  these 
there  are  often  arguments  as  to  whedier  the 
catch  quota  —  presumed  to  be  set  equal  to  the 
sustainable  yield  level  should  be  equal  to, 
say,  7  000  or  7  500  animals.  Clearly,  if  the  sus- 
tamed  yield  is  truly  7  000  animals  (witfi  a  pop- 
ulation in  the  70-140000  rangeX  little  dam-  101 
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age  would  be  done  to  the  stock  by  catching 
7  500  tor  a  few  years.  Equally,  if  the  sustain- 
able yield  is  truly  7  SOO,  the  indiistry  would  not 
—  otfier  things  being  equal  -  suffer  great 
economic  hardship  if  restricted  to  7  000.  In 
fi^ct,  other  things  may  not  be  equal.  U  is  only 
possiUe  to  said  an  integral  number  of  expe> 
ditions  to  the  Antarctic  and  7  000  whales  may 
be  too  much  to  be  harvested  conveniently  by  2 
expeditions,  but  not  provide  an  economic  liv- 
ing for  3.  In  sudi  a  situation,  the  economic 
constraints  on  quota  changes  may  be  more 
oomplcx  than  "not  more  than  a  500  whale 
change  m  any  year";  perhaps,  for  example, 
Ihey  should  be  equivalent  to  adding  or  sub- 
tracting 1  expedition  and  should  be  dedded  1 
year  in  advance. 

In  these  circumstances,  both  exploiters 
and  oonsefvers  should  not  be  ooncemeid  if  the 
quota  lUfTers  from  the  sustainable  yield  (or 
even  if  it  is  below  or  above  it),  provided  the 
procedures  exist  for  automatic  adjustment  be- 
fore things  depart  loo  far  from  the  "optimum** 
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situation.  For  example,  if  7  500  whales  are  def- 
initely more  economic  as  an  annual  quota 
than  7  000,  the  fonner  might  be  set  as  the  cur- 
rent annual  quota,  even  if  the  best  estimates  of 
sustainable  yield  were  slightly  less  than  7  500. 
provided  that  there  was  an  automatic  proce- 
dure to  reduce  the  quota  to,  say,  5  000  (the  best 
economic  quota  with  1  le»  expedition)  before 
damage  could  be  done  to  the  stock  -  sav,  as 
soon  as  the  catch  per  unit  effort  (adjusted  as 
necessary  to  allow  for  changes  in  eflflciency) 
fell  to  less  than,  say,  90  %  of  the  current  value. 
Possibly  it  would  never  do  so  if  the  present 
estimate  of  sustainable  yield  were  too  low. 


Acknowledgements 

1  would  like  to  thank  S  I  ]\oh  and  C.W. 
Clark  for  helpful  comments  on  the  first  draft 
of  this  paper. 


LocKYFR,  C,  Growth  and  energy  budgets  of  large  ba- 
1976  leen  whales  from  the  S.  Hemisphere.  Paper 
presented  to  the  Scientific  Consultation  on  the 
Conservation  and  Management  of  Marine 
Mammals  and  their  Environment,  Bergw, 
Nnrwav,  .^1  Aueust-9  September  1976.  lUmie, 
I  A(J,  ACMRR/MM/.SC741: 179  p. 

SiLVERT,  W..  The  price  of  knowledge:  fishery  manage* 
1978      ment  as  a  research  tool.  J.  Fish.  Res,  Board 
aiiL,3S(2):20»-l2. 

Waucrs,  CJ.  and  R.  Hiimkn,  Adaptive  control  of 
1976      fishing  systems.  /.  Fbh.  Ra.  Board  Con., 
33(1):  145-59. 


oupyiiyfiteo  iriaienal 


OBJECTIVES  FOR  THE  MANAGEMENT 

AND  CONSERVATION  OF  MARINE  MAMMALS 


J.  Gordon  Clark 


Abstract 

Sixteen  possible  objectives  are  identifled  for  the  management  and  conservation  of 
marine  mammals,  and  are  grouped  as  product  oriented  (4),  ethical  f3),  educational,  recrea- 
tional and  scientific  (3).  ecosystem  conservation  (I),  dcmwralic  ( I ).  marint  mammalian  (3), 
and  evolutionary  ( I ).  Several  of  these  objectives  appear  to  be  muiually  incompatible.  Existing 
management  bodies  appear  to  be  inadequate  to  deal  with  the  wide  range  oCx^bjectives  as 
idenlined,  and  the  cuiTBnl  UDdeistandin^  ol  mammal  pOfWktiMs  and  ecosystems  is  insutTi- 
cient  for  any  proper  management,  with  the  result  that  manacemoni  l>.iv  riilcil  in  its  ■spccilied 
objectives,  such  as  maintaining  whales  at  their  MS'i'  level.  More  vkciljIh  ^lumlu  be  given  to  the 
non-product  oriented  objectives  of  management,  and  management  should  be  directed  toward 
maintaining  a  number  of  specified  p.  pul  i-ion  characteristics.  It  is  expected  that  non-product 
oriented  use  ufmarme  mammals  will  uKicase. 


Seize  objcctifs  possibles  pour  lu  gcslion  ct  la  conservation  des  mummif<>res  marins  S4.)ni 
reoenste  et  groupds  en  fonction  des  criiim  suivants:  orientation  veis  les  produtts  (4%  dthique 

(?).  cduc.ition,  recreation  et  science  (^).  conservation  de  Pccoswlcmc  ( ! ).  democratic  (I), 
mammifcres  munns  (3)  et  evolution  (I).  Plusicurs  de  ces  objectils  parais.sen(  mutuellement 
incompatibles.  Les  organismes  charge  actuellement  de  la  gcstion  nc  semblent  pas  en  mesure 
de  trailer  d'liric  •■amme  d'objeclifs  aussi  vaste;  par  ailleurs.  lev  connaissances  actuelles  sur  les 
populations  dc  mammifircs  ct  les  ccusyslCmcs  sont  insulTisuntes  pour  pernieiire  une  gestion 
appropriie,  de  sorte  que  ceOe-ci  n*a  pu  atteindre  les  buts  pdtels  qu'elle  visait,  p«r  exemple,  le 
rendement  maximal  equilihre  pour  les  baleines.  II  conviendrait  d'accorder  phis  de  poids  aux 
objcctifs  ne  s'ideniifiant  pas  k  des  produtts,  ct  la  gcsliun  devrait  s'orienter  vers  le  mamtien 
numifique  de  diverses  populations  aux  caract^i^ques  bien  fir^dses.  On  cscompte  que 
I'ulilisation  des  manunifires  marins  i  des  fins  non  pioductives  s'accnAtra. 

Extrueto 

Se  senalaii  16  objctivos  posibles  de  las  aclividades  de  urdcnacion  v  ci'iiscrvacion  de 
mamiferos  marinos  y  se  agrupan  en  varias  categorias:  orientados  hacia  la  produccion  (4), 
eticos  (3).  educacionales.  recreativos,  y  cientificos  f3).  ecologic  os  ( I ).  dcmitcr,iiici».  ( I ),  rola- 
cionados  directamente  con  los  mamiferos  marinos  (3)  y  reiacionados  con  la  revoiucion  ( I ). 
Vaiios  de  estos  objetivos  son  incompatibles  entre  si.  Los  6rganos  de  ordenaci6n  existentes  no 
est^n  en  condiciones  de  ocuparsc  de  la  amplia  gania  dc  objetivos  individuados.  v  los  conoci- 
micntos  uctualcs  sobrc  las  poblaciones  de  mamiferos  y  los  cu)sisicmas  no  bastan  para  tomar  103 
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mcdidas  adccuiula>  ilc  (irclcnaci»'in.  dcbiiln  a  lo  cual  csia  ih  i  ha  !o^TaJ»i  siis  ohjciivtis  cspcci- 
fkos,  como,  por  ejemplu,  mantener  las  bailcnab  a  su  nivel  dc  rendimknio  maximo  so&tenible. 
Debe  ooncederse  mis  importanda  a  los  objetivos  de  ordenaci6n  no  orientados  a  la  produc- 
cion,  V  U)s  Irabajcs  Jc  urdcnacion  han  do  cncaniinarM:  al  manlcnimicnUi  Jc  dclcrminadas 
caracteiisUcas  de  la  poblacion.  Se  preve  un  aumento  del  aprovechamiento  de  los  mamiferos 
maiinos  pan  fines  disiintos  de  la  pnxluoci6n. 


J,  Gordon  Clark 

Old  Post  Office,  nuntingfield,  Haleswonh,  SuffblktEngland 


The  aims  of  management  must  be  clari- 
fied and  the  conflicts  between  various  objec- 
tives must  be  identified,  together  with  the  areas 
of  research  required,  before  scientists  c;in  de- 
velop tlie  management  strategies  needed  lo 
satisfy  these  objectives. 

This  paper  selects  the  main  objectives 
that  are  generally  agreed  to  apply  to  marine 
mammals,  with  some  emphasis  on  whales.  It 
discusses  some  management  methods  and 
makes  several  practical  suggestions  designed 
to  correct  the  imbalances  that  exist  between 
the  achievement  of  ccrtam  objectives  and 
otheis. 

Objectives  leading  to  the  overexploita- 
tion  of  species  or  the  unwise  use  of  the  physical 
and  other  resources  they  provide  receive  little 
sympathy.  In  common  with  the  United  Na- 
tions Environment  Programme,  and  many 
nations,  organizations  and  individuals,  the 
author  supports  the  need  for  a  10-year  hall  to 
commocial  whaling.  However,  in  writing  this 
paper  for  the  Working  Group  on  Objectives  of 
the  Consultation,  an  attempt  has  been  made  to 
ensure  that  the  data  selected  and  the  argu- 
ments used  are  unbiased.  As  Medcer  (1976) 
points  out,  everyone  has  their  own  prejudices, 
and  those  who  beUeve  passionately  in  econom- 
ic growth,  the  barter  system,  free  enterprise, 
state  control,  the  purity  of  sdenoe,  or  the  exis- 
tence of  IJFOs,  will  have  cquallv  i  rent  prcju 
dices;  the  important  thing  is  to  recognize  it.  No 
scientist  or  administrator  woriung  m  interna- 
tional resource  management  can  tM>wadays 
104   daim  to  be  non>political. 


The  few  papers  on  objectives  that  have 
been  written  for  this  Consultation  appear  to 
have  considered  chiefly  product-oriented  ob- 
jectives. To  restrict  our  thinking  on  manage- 
ment to  a  view  of  marine  mammals  as  mere 
producers  of  meat,  fur  or  oil,  not  only  offends 
a  very  considerable  part  of  human  (and  ani- 
mal) life  and  perception,  but  also  belittles  the 
importance  of  areas  into  which  science  is  now 
proceeding  with  increasing  confidence  - 
areas  such  as  the  communicating  powers  of 
whales,  their  ethology  and  intelligence. 

An  approach  to  the  natural  world  which 
views  it  simply  as  a  supermarket  is  likely  to 
lead  to  poor  conservation  and  management,  if 
onlv  because  aspects  of  nature  other  than  its 
obvious  capacity  to  produce  will  be  ignored, 
and  with  them  some  of  its  important  proper- 
ties. The  attitude  of  the  exploiter  is  important. 
Societies  that  have  been  dependent  on  an  ani- 
mal -  for  example,  the  "beaver  economies"  — 
have  seldom,  if  ever,  overexploited  them.  They 
have  made  maximum  use  of  animal  products 
and  have  treated  the  animal  in  question  with  a 
respect  amounting  almost  to  worship.  We 
cannot  daim,  of  course,  that  such  an  attitude 
was  the  only  factor  that  prevented  overexploi- 
tation  -  lack  of  technology  may  have  been 
another  -  but  it  certainly  contributed  to  a 
balance  between  predator  and  prey. 

Objectives  for  marine  mammals  ma\  be 
classified  as  human  (anthropocentric),  marine 
mammalian  (those  that  marine  mammals 
might  be  considered  to  have  for  themselves) 
and  evolutionary.  Some  objectives  may 
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instinctively  be  dismissed  as  "unrealistic"  by 
those  whose  training  and  employment  have 
conditioned  them  to  consider  only  the  greater 
or  lesser  oonstratnts  of  industrial  desires.  But 

our  idea  of  "rcalitv"  is  always  changing  and 
last  year's  impossibiUty  often  becomes  this 
year's  discussion  topic.  If  scientists  never  con- 
sider the  means  of  attaining  new  and  perhaps 
unusual  objectives,  (hen  those  objectives 
"realisiically"  become  harder  to  attain. 


Anthropocentric  objectives 


These  :ire  arranged  in  order  of  those 
objectives  concerned  with  product  yield, 
etnics,  education,  recreation  and  science,  con- 
servation of  ecosystems,  and  the  equitable 
distribution  of  benefits  from  marine  mam- 
mals. 


Product-oriented  objectives 

Maximization  of  short-term  profits  from 
marine  manmud  products 

("lark  (1976)  has  shown  how  industry 
may  proiit  more,  given  certain  combinations 
of  investment,  discount  rates  and  renewal  rates 
of  the  fiesouroe,  1^  eliminating  a  series  of  pop- 
ulations or  species  than  by  harvesting  them 
on  a  sustainable  basis.  This  is  illustrated  by 
present-day  pelagic  whaling  where  capital  is 
invested  in  (ageing)  ships  taking  whales  from 
depleted  or  decreasing  whale  populations.  The 
revenue  from  the  sustainable  yield  of  a  de- 
pleted stock  appears  to  be  low  or  non  -existent 
One  delegation  to  the  Internationa!  Whaling 
Commission  (IW  C)  has  pleaded  on  grounds  of 
eoooomic  necessity  for  quotas  not  to  be  re- 
duced, implying  that  the  science  was  irrele- 
vant, and  illustrating  a  lack  of  interest  in  sus- 
tainable yields.  Certain  shore-based  whaling 


operations  also  pursue  this  objective,  when 
investment  in  whaling  equipment  and  sl^ipv 
has  increased  and  whaUng  grounds  ha\c 
moved  further  out  from  shore  as  local  stodcs 
have  been  depleted.  Scaling  operations  in  the 
past  have  also  fallen  into  this  categor)'  and,  m 
addition,  pirate  whaling  and  sealing  opera- 
tions dearly  operate  on  this  principle. 

In  every  case  anv  profit  is  strictly 
short-term  because  the  populations  are  not 
able  to  sustain  die  level  of  kill  demanded  (1). 

Maintenance  of  a  maximum  sustainable 
jneid  of marine  manmal  products 

This  would  ensure  that  return  on  invest- 
ment IS  steady  within  the  variations  of  product 
prices  and  that  return  on  future  investment  is 
assured,  as  is  emplovment  and  the  conserva- 
tion of  the  mammals  populations.  In  theory, 
the  concept  of  "maximum  sustainable  yield" 
(MSY)  would  allow  this  objective  to  be  fulfill- 
ed, while  leaving  options  open  for  future  pro- 
duel  users  to  continue  taking  such  a  yield  whh- 
oui  havmg  to  stop  some  or  all  exploitation  to 
allow  populations  to  reoovCT  from  a  depleted 
state.  In  practice,  this  does  not  happen,  as  will 
be  discussed  later. 

Hie  declared  objective  of  the  new  man- 
agement  procedure  of  the  International 
Whaling  Commission  is  to  maintain  whale 
populations  at  their  MSY  level.  It  should  be 
noted  here  that  this  objective  requires  a  very 
fine  adjustment  between  **maximum"  and 
"sustainable"  which  we  are  currently  far  from 
achieving  in  practice.  The  objective  could  still 
be  that  of  some  shore-based  sealing  and 

wh  iliiii:  .  >[H  r  itinns.  where  ihcy  arc  ttic  only 

exploiters  of  the  populations  mvolved  (2). 

Ohtainmeni  of  certain  essential  products 
from  marine  mammals  at  a  level  com- 
mensurate with  the  need 

It  is  clear  that  if  mammal  products  are 
essential,  so  is  conservation  of  the  available  105 
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populations  from  which  they  are  taken.  Cer- 
tain groups  of  people  may  be  said  to  hold  this 
objective:  in  particular,  discrete  cultures  de- 
pendent to  a  greater  or  lesser  degree  on  the 
marine  mammals  involved.  The  Eskimos  of 
Greenland  and  Alaska  have  depended  in  the 
past  on  whales,  seals,  walnis  and  other  mam- 
mals for  their  food,  oonstruction  materials  for 
their  boats  and  many  other  products  intcsral 
to  their  lifestyles.  It  does  not  appear  that  the 
populations  of  these  spedes  were  affected  in 
the  past  by  the  level  of  kilL  Now,  however, 
whale  numbers  have  been  reduced  by  the  de- 
veloped GuUures'  commercial  whaling;  local 
tedubology  has  comddentally  changed;  local 
lifestyles  are  changing,  and  with  them  the 
degree  of  dependence. 

One  other  group  may  appear  to  hold  this 
obieictive  (although  in  reality  it  does  not):  de- 
veloped societies  requiring  a  particular  mam- 
mal product  for  certain  "key"  aspects  of  their 
technology.  While  it  appears  that  no  whale 
product  is  at  present  essential  to  such  a  group, 
we  may  cite  the  cases  of  the  Polaris  missile 
makers  and  the  UK  leather  tanners,  who  claim 
to  require  sperm-whale  oil  as  a  lubricant  and  a 
softener,  respectively.  Synthetic  substitutes 
have,  in  fact,  been  developed  for  bcnh  pur- 
poses, indicating  that  few.  if  any,  technological 
requirements  are  truly  "dependent"  on  such 
products.  It  is  more  accurate  to  say  that  the 
mammal  products  were  available  at  the  partic- 
ular time  the  technologists  were  seeking  a 
particular  item.' 

Need  in  this  context  refers  therefore  to 
the  need  of  a  cultural  group  as  a  whole  to  be 
able  to  take  certain  essential  products  from  the 
mammal  populations.  As  cultures  change  the 
problons  ofdefining  such  need  are  consider- 
able (3). 


'  A  ciiM.rcpanc\  appc.trs  in  arivc  if  the  user-group 
claiming  to  "need"  Ihc  pruduct  is  nul  rcspunsiblc  Tor  obtain- 
ing  it.  If;  as  seems  to  be  the  case,  whalers  operate  in  pursuit  of 
Che  first  objective (maxunitm ahoit-lenn  profit),  then  the  uaen 
requiring  a  truly  fwfnliri  pradnct  will  be  iU-aeivcd.  Indeed,  u 
nenn  wtudes  have  been  dcfrfcted,  the  price  of  sperm-whale 
au  hu  riacn  in  the  UK  (by  m  much  as  72  %  in  a  single 
12-niaaih  period). 


To  reduce  the  take  by  marine  mammals  of 
species  from  which  a  product  yield  is  de- 
sired 

Fishermen  often  seek  to  reduce  certain 

marine  mammals  because  they  believe  that 
their  own  fish  catch  is  affected.  In  some  cases 
(dolphins  killed  by  Japanese  fishermen)  there 
is  little  interest  in  the  product  yield  from  the 
marine  mammals:  in  others  (seals  taken  in  the 
UK)  the  products  are  used.  There  is  generally 
insufficient  evidence  to  show  that  the  marine 
mammals,  rather  than  man,  are  adversely  af- 
fecting fish  populations.  Sergeant  (1976)  has 
suggested,  however,  that  \W\<  objective  will 
become  more  widely  held  and  that,  for  exam- 
ple, fin  whales  will  be  seen  as  pests  by  capelin 
fishermen. 

As  Sergeant  and  Stirling  (1976)  point 
out,  pressures  are  moving  away  from  marine 
mammals  to  the  lower  levels  in  the  food  web  — 
krill  in  the  Antarctic  offers  a  much  greater 
theoretical  yield  than  baleen  whales.  Compe- 
tition from  marine  mammals  is  only  seen  as 
relevant  when  the  early  catch  levels  become 
less  easy  to  maintain.  Nonetheless,  even  at  this 
stage  the  fishery'  may  harm  the  mammals 
through  their  food  supply,  especially  where 
they  have  abeady  been  reduced  to  critically 
low  levels  or  are  under  heavy  exploitation 
pressure.  The  lailure  of  the  management 
scheme  for  the  North  Pacific  fur  seal  for  a 
period  of  years  may  have  been  caused  by  a 
change  in  killing  policy  coinciding  with  a  de- 
veloping Alaska  pollack  fishery. 

Because  the  potential  yield  of  krill  is  very 
much  larger  than  that  of  Antarctic  baleen 
whales  profits  are  also  likely  to  be  higher.  In 
consequence,  the  conservation  of  Antarctic 
baleen  whales  is  likely  to  be  seen  as  irrelevant 
to  those  taking  krill  (4). 


Ethical  objectives 

It  is  sometimes  suggested  and  often  im- 
plied, that  to  hold  certain  ethical  objectives  in 
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relation  to  animals  that  provide  consumer 
goods  is  a  luxur\'  in  which  only  a  well-fed, 
sentimental,  Western-i)pe  culiure  can  afford 
to  indulge.  This  is  not  true,  but  even  if  it  were, 
such  objectives  must  still  be  valued.  It  is  cer- 
tainly true  that  some  industrial  objectives  are 
those  of  a  well-fed,  profit-oriented,  industri- 
alized business  class:  the  cases  of  pelagic  whal- 
inn  and  harp  and  hooded  sealing  are  exam- 
ples. We  should  not  forget  in  this  discussion 
that  for  religious  reasons  a  very  large  number 
of  people  in  developing  countries  do  not  loll 
eat  any  animals. 

No  marine  manmuds  should  be  tailed 

Either  because  of  a  respect  for  animal 
life  in  general  or  because  marine  mammals  are 
thought  to  be  particulariy  interesting  in  view 
of  their  evolutionarv-  kinship  to  mankind  and 
their  marine  development,  this  objective  is 
held  by  a  large  number  of  people.  In  addition, 
the  appeal  of  a  fiiny  seal  or  a  playful  hump- 
back whale  is  generally  greater  (perhaps  be- 
cause of  their  warm  blood)  than  that  of  a  spi- 
der or  a  crocodile  (5), 

No  cruelty  ^umld  be  utfUcted  on  marine 
mammals 

The  particulariy  unpleasant  methods 
used  to  kill  whales  -  explosive  harpoons,  and 

in  the  case  of  the  minke  whale,  cold  grenades 
—  disgust  many  people  and  there  is  a  very 
strong  anti-whaling  movement  for  that  reason 
alone.  A  ftirther  form  of  cruelty  also  occurs 

when  social  groupings  of  intelligent  and  com- 
municative animals  are  disrupted  hv  exploita- 
tion, or  when  single  dolphins  and  killer  whales 
arekeptincaptiyity. 

7%e  ^ects  of  cruelty  are  mn  limited  soMy 
to  the  animals  in  question 

The  behaviour  exhibited  by  a  person  to- 
ward other  people,  animals  and  things  will  af- 


fect that  person's  own  spiritual  and  psycholog- 
ical development.  Thus  American  soldiers 
repatriated  from  the  Vietnam  war  tended  to 
exnibit  violent  symptoms,  having  been  affect- 
ed bv  the  violence  thev  had  inflicted  on  others. 
To  be  cruel  or  violent,  whether  directly  or 
through  an  agent,  is  to  encourage  cruelty  and 
violence  to  spread  (6). 

Animals  with  intelligence  comparable  to 
our  own  should  not  be  killed 

Disregarding  the  argument  that  the 
more  mtelli^ent  an  animal,  the  more  ii  is  likely 
to  suffer,  this  otgective  focuses  on  the  special 
nature  of  intelligent  animals  If,  as  the  anatom- 
ical evidence  leads  one  to  suppose  (as  does 
the  capacity  for  play  and  continuous  commu- 
nication between  individuab),  toothed  whales 
are  highly  intelligent  -  perhaps  as  intelligent 
as  ourselves  -  then  the  only  moral  a)urse  is 
not  to  kill  them.  This  applies  particularly  to  the 
^erm  whale,  the  orca  and  some  of  the  dol- 
phins. 

An  increasing  number  of  scientists,  no- 
tably those  concerned  with  cetacean  behaviour 
and  brtaa  anatomy,  hold  the  view  that  these 
animals  are  indeed  comparable  to  ourselves  in 
intelligence:  to  kill  them  would  be  tantamount 
to  murder  in  human  society.  It  certainly  ap- 
pears that  the  direction  of  evolution  has  been 
toward  the  development  of  increasing  con- 
sciousness in  mammals  as  a  tool  for  surviving 
environmental  crises.  Mankind  has  much  to 
learn  from  the  animals  which  have  evolved 
intelligence  and  consciousness  in  an  aquatic 
environment  and  there  is  a  real  possibility  of 
communication  with  cetaceans. 

This  whole  objective  is  affected  by  the 
"special"  feeling  that  people  develop  for  ani- 
mals in  which  they  recognize  similar  traits  to 
their  own,  and  it  is  thus  not  surprising  that  the 
aUlily  in  questiOD  is  called  imnligenoe,  and  is 
measured  in  ways  that  we  measure  our  own.  It 
is  this  same  sympathy  that  makes  it  as  abhor- 
rent for  some  people  to  discover  tiiat  sperm 
whales  are  being  turned  into  leather  softeners  107 
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and  lipsticks  as  it  was  for  much  of  the  world  lo 
discover  once  that  people  were  turned  into 
soap  (7). 

Educational,  recreational 

AND  SCIENTIFIC  OBJECTIVES 

People  ^ould  be  allowed  wuSsturM  ob- 
servation of  unexphited 
populations 

The  enjoyment  of  watching  whales,  with- 
out the  londicap  of  knowing  diat  they  are 
being  exfdoited,  and  the  study  of  the  natural 
historv  (if  undisturbctl  whale  populations,  is 
increa&indy  sou^l  by  scientists  and  lay  peo- 
ple alike.  In  addition,  much  valuable  scientific 
mformation  can  be  gained  from  the  study  of 
undisturbed  whale  populations  (8). 

Marine  mammal  populatiotis  should  be 
available  for  entertainment 

Increasing  numbers  of  films  are  now 

being  made  about  whales,  their  natural  historv 
and  conservation,  and  prohahiv  earn  a  larger 
revenue  than  the  current  trade  in  whale  pro- 
ducts by  whaling  industries.  In  addition,  con- 
siderable  local  employment  is  provided 
through  organized  whale  viewing  by  tourists 
(9). 

Eihicailonal  and  sclent^  benefits  from 
the  study  of  marine  mammal  populations 
should  be  maximized 

The  study  of  marine  mammals  is  vital  to 
understanding  the  ecosystems  of  which  they 
form  a  part;  and  the  study  of  intelligence  in 

cetaceans  is  of  prime  importance  in  under- 
standing the  aquatic  evolution  of  intelligence 
and  consciousness.  The  study  of  live  marine 
mammals  in  their  habitat  is  a  seriously  ne- 
glected area  of  sdenoe,  and  this  requires  im- 


mediate  remedy  for  the  prciper  fulfilment  of 
this  particular  objective.  Dependmg  on  the 
branch  of  science  involved,  however,  achiev- 
ing this  object  may  call  for  very  different  man- 
agement strategies  -  varying  from  killing 
large  numbers  for  statistical  purposes  to  trying 
to  communicate  with  undisturbed  whale  pop- 
ulations at  sea  to  gain  a  better  understanding 
of  their  social  behaviour  (10). 


The  ecosystem  conservation 

OBJECTIVE 

Marine  mammals  should  he  so  managed 
thai  die  ecosystems  they  inhabit  are  un- 
damaged 

In  this  objective,  marine  mammals  are 
seen  as  an  important  part  of  a  more  important 
whole.  To  damage  either  manne  mammals  or 
their  ecosystem  is  to  damage  both,  and  the 
objective  reflects  the  recent  extension  of  aware- 
ness of  the  nature  of  hioloaical  svstems.  Our 
undersiandmg  of  ecosystems  is  still  poor  and 
the  implementation  of  this  objective  presents  a 
vcr\  demanding  task  given  the  present  state  of 
the  natural  sciences  It  is  suL\ecstcd  that  to  dam- 
ajic  an  ecosystem  is  to  allcci  it  in  such  a  way 
that  its  ability  to  resist  disruptive  perturbations 
is  reduced  because  the  homoeostatic  mecha- 
nisms operating  within  it  are  weakened  or  de- 
stroyed. 

In  general,  a  system  consisting  of  many 
athwavs  for  low-le\el  cnerg\  will  tend  to 
e  more  stable  than  one  consisting  of  a  few 
hi^h-energy  pathways.  Ihe  consequence  of 
this  is  that  the  more  diverse  the  species  existing 
within  an  ecosystem,  the  more  likely  it  is  to  be 
stable.  The  objective,  therefore,  requires  that 
marine  mammals  should  be  allowed  to  return 
to  areas  where  they  once  occurred,  assisted  if 
necessary  by  restocking,  and  that  the  greatest 
number  of  geographically  separate  popula- 
tions and  the  greatest  number  of  species 
should  both  be  maintained. 

A  reductio  ad  absurdum  is  sometimes 
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raised  along  these  lines:  **We  cannot  let  the 
ecosystem  return  to  its  pristine,  unexploited 
stale  wiihoul  simulianeously  stopping  every 
aspect  of  exploitation.  Should  we  then  stop 
fishingT*  This  argument  ignores  the  following 
points. 

If  imbalances  have  been  created  in  eco- 
systems it  is  most  relevant  to  pay  special  at- 
tention to  recovering  the  top  predators  and 
particularly  (hose  with  long  generation  periods 
(such  as  whales).  Fish  populations  -  unless 
ve  ry  drasticalfy  overfished  -  are  more  capable 
of  quick  recovery,  but  to  re-establish  the  hal- 
;incf  of  the  Antarctic  ecosystem,  for  instance,  it 
1.S  clear  thai  special  attention  must  be  given  to 
whales.  In  addition,  there  arc  a  great  many 
areas  where  fishing  has  had  to  he  stopped  he- 
cause  of  exploitation  -  the  recent  dramas 
surrounding  North  Sea  fisheries  are  strong 
evidence  of  this.  A  halt  to  fishing  in  certain 
areas  and  lor  limited  time  scales  is  no  longer  a 
protectionist's  fantasy  bjit  an  economic  ne- 
cessity. 

We  are  not  at  present  able  to  predict  the 
con.sequences  of  deliberate  manipulation  of 
overexploited  ecosystems,  and  currently  far 
more  is  risked  by  adopting  such  a  course  than 
by  sim{dy  attempting  to  ensure  recovery  of  the 
most  ecologically  important  species  (1 1). 

Democratic  obieciwe 

The  benefits  from  marine  mammals 
should  he  available  to  all,  and  decisions 
affecting  than  should  be  taken  by  ail 

Many  marine  mammals  occur  in  ocean 
areas  which  arc  dUTicuit  to  reach,  and  others 
are  exploited  on  the  high  seas  where  little  ef- 
fective control  over  exploitation  can  be  exert- 
ed Thus,  not  only  are  marine  mammals'  rights 
[o  the  seas  denied  but  the  rights  of  most  of  the 
world  to  cetaceans  are  also  denied.  This  con- 
flict is  seen,  for  instance,  in  the  allocation  of 
quotas  for  whales  between  Brazil  on  the  one 
hand,  taking  whales  from  the  same  breeding 


population  as  Japan  and  the  USSR  on  the 
other  hand.  Overexploitation  by  pelagic  fleets 
can  reduce  the  profitability  of  a  developing 
nation's  land  station.  Canadian  and  Norwe- 
gian kill  of  harp  seals  affects  the  Greenland 
take. 

Argentina  is  developing  a  tourist 
industry  around  the  right  whales  it  has  pro- 
tected within  its  200  mile  EEZ,  but  a  single 
pirate  whaling  sliip  operating  outside  that 
zone  could  completely  eUminate  this  new 
industry.  Squid  fishermen  firom  small  Pacific 
nations  may  benefit  one  day  from  knowing 
where  sperm  whales  find  their  food,  but  if 
sperm  whales  are  exterminated  from  that  area, 
there  wiU  be  no  such  benefit  ( 12). 


Maifae  mammalian  ofejectiTea 


People  can  cmly  guess  at  the  objectives 
held  by  marine  mammals  for  marine  mam- 
mals. We  must  assume,  however,  that  such 
objectives  include  equal  rights  to:  life,  unhin- 
dered social  development,  and  an  undamaged 
habitat  wherever  they  may  have  been  or  might 
be  (13),  humane  treatment  (14).  and  an  equal 
or  greater  say  in  the  management  of  the  eco- 
system of  wtiich  they  form  an  integral  part 
(15). 


Evolnlioiiaiy  objecthre 


To  MAINTAIN  MARINE  MAMMAL 
GFNh  K)()t  S  AND  DIVERSE 
ENVIRONMENTS 

Successful  evolution  needs  the  right 
conditions:  a  large  gene  pool  and  \  aried  envi- 
ronmental conditions.  Ihe  human  race  may 
destroy  itself  —  at  least  as  the  dominant  spe- 
cies —  and  man\  land  environments  and  spe- 
cies with  it,  and  the  sea  may  then  prove  to  be  109 
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then  main  reservoir  for  evolutiein,  Marine 
mammaJs  are  already  a  unique  evolutionary 
phenomenon,  by  reason  of  their  adaptation  of 
mammalian  physiology  lo  marine  life.  In 
addition,  some  of  the  whales  represent  a  peak 
of  intelligence  in  marine  life  (by  conventional 
measuTHiiait),  and  one  of  the  few  comparable 
to  our  own.  Unlike  humans,  they  do  not  ap- 
pear to  have  caused  habitat  destruction  or  the 
extinction  of  other  species.  It  cannot  be  stated 
that  an  evohitionaiy  objective  would  aim  at 
ensuring  that  marine  mammal*  (or  at  least  the 
intelligent  ones)  be  conserved  in  as  varied  a 
form  as  possible,  but  the  possibility  should  be 
recognized. 

The  satisfaction  of  this  objective  would 
require  famong  other  things)  that  genetic  en- 
tities such  as  breedmg  populaUons  should  not 
be  eliminated  and  that  marine  mammals 
should  exist  in  habitats  as  widefy  diverse  as 
possible.  How  else  would  the  river  dolphins 
have  evolved  (16)? 


Compatibility  of  objectives 

This  section  points  out  the  areas  where 
objectives  defmed  earlier  may  conilict  in  terms 
of  their  impact  on  the  ^tem  or  spedes.  How> 
ever,  it  should  be  noted  that  when  a  method 
adopted  to  achieve  one  agreed  aim  is  faulty,  it 
may  cause  conflicts  with  other  aims  -  conflicts 
that  theoretically  do  not  exist.  For  instance,  a 
careful  take  from  discrete  breeding  popula- 
tions would  not  necessarily  interfere  with  the 
process  of  evolution,  and  that  take  could 
theoretically  provide  a  maximum  sustainable 
yield,  but  if  the  definition  of  breeding  popu- 
lations is  wrong  and  the  calculation  of  take  for 
MSY  is  wrong,  then  the  original  evolutionary 
objective  cannot  be  achieved. 

Of  the  product-oriented  objectives.  CI). 
(2)  and  (4)  would  appear  to  conflict  with  all  the 
other  objectives,  ftfiudmizing  profit  and  the 
requirement  of  maximum  sustainable  yield 
fhnn  a  population  may  not  always  conflict 


with  nther  objeeti\  cs,  but  they  imply  that  all 
other  considerations  are  secondary,  incluiimG 
the  understanding  ot  marine  mammals  socie- 
ties; communication  with  dolphins;  aestiietic, 
tourist  and  scientific  observations  of  marine 
mammals  in  their  mature,  uncvploitcd  states; 
the  need  lor  maintenance  ol  the  ecosystem  and 
for  a  maximum  potential  for  evolution;  and 
the  desire  that  no  marine  mammals  be  killed, 
or  that  the  killing  method  should  at  least  be 
humane. 

The  desire  for  an  "essential"  product 

from  marine  mammals  (3)  conflicts  only  with 
objectives  involving  total  protection,  or  hu- 
mane killing,  or  (where  populations  have  al- 
ready been  depleted)  with  the  prevention  of 
extinction.  Conflict  here  arises  with  the  defi- 
nition of  need.  Except  for  subsistence  whaling 
there  does  not  appear  to  be  any  whale  product 
that  is  essential  to  human  beings  for  food, 
shelter  or  clothing  -  the  proportion  of  protein 
represented  by  whale  meal  in  the  Japanese 
diet  in  1973  was  0.8  %  for  instance.  Many  of 
the  world's  food  problems  are  attributable  to 
pc)or  distribution,  not  to  an  overall  shortage  of 
production,  and  the  worst  starvation  occurs  in 
countries  with  little  power  to  import  food. 
Even  subsistence  cultures  are  changing  so  that 
their  populations  grow  (and  with  them  a  pos- 
sible need  for  marine  mammals  meat),  but  they 
simultaneously  become  less  dependent  on 
such  traditional  food  sources. 

The  ohjective  of'killine  no  animals  con- 
flicts with  all  product-oriented  and  some 
scientific  objectives;  that  of  not  killing  intelli- 
gent animals  would  make  an  exception  of 
Sperm  whales  and  some  toothed  whales. 

If  any  exploitation  of  marine  mammals 
were  to  occur  only  as  part  of  an  ecosystem 
exploitation  that  did  not  create  irreversible 
changes  in  that  ecosystem;  if  killing  were  hu- 
mane, and  exploitation  did  not  affect  the  wi- 
dest possible  distribution  of  marine  mammal 
populations  (particularly  in  those  areas  where 
people  wish  to  go  to  see  them):  it  the  more 
intelligent  of  the  species  were  protected;  if  all 
those  with  an  essoitial  need  for  marine  mam- 
mal products  were  able  to  obtain  them;  and  if 
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all  people  had  a  sa\  in  the  exploitation  and 
managemcni  of  marine  mammals;  then  the 
only  objeclives  lhal  would  not  be  satii>ried 
would  be  diose  of  total  protection  and  (hose  of 
quick  profit  or  maximum  sustainable  yield.  In 
addition,  the  options  for  future  generations 
would  be  left  wide  open. 

This  may  seem  unrealistic,  but  as  opined 
earlier  reality  is  no  more  than  way  of  looking 
at  life  and  ever)  individuafs  reality  is  difTe- 
reni.  The  consensus  reality  changes  every  year, 
frequently  depending  on  the  movement  of 
large  sums  of  money. 

It  is  necessary  at  this  point  to  put  the 
demand  for  food  in  perspective  because  every 
conservationist  is  at  some  time  or  other  chain- 
ed with  starving  the  world's  partly  because  we 
have  been  spcndmg  food  capital,  not  interest. 
It  is  also  beoLuse  of  the  huge  disa^oandes  in 
goods  and  income  between  ridi  ana  poor.  As 
with  all  resource  systems,  there  are  natural  li- 
mits and  at  present  it  looks  likely  that  we  arc 
approaching  those  of  the  sea.  Most  conventio- 
nal food  fish  in  the  North  Sea  and  North  At- 
lantic have  been  ovcrexploited.  and  the 
Northwest  Allaniic  capelm  fishery  may  alrea- 
dy be  beyond  its  limits.  The  Bering  Sea  system 
is  appearently  in  the  same  condition  and  no 
douht  there  are  other  examples.  Man  is  now 
contcnipluimg  taking  krill  simply  because  it  is 
available  but  there  b  no  evidence  that  the  take 
will  benefit  the  world*s  hungiy  people. 


Desirable  population  levels:  affffoprinte 
management  strat^ies 

Clearly  there  arc  some  objectives  that 
conflict  irreconcilably  at  present  and  the  best 
aim  most  be  to  resolve  these  in  the  fairest  way 

possible.  Most  existing  institutions  such  aS 
the  International  Whaling  Commission  — 
have  developed  as  a  means  of  restraining  ex- 
ploitation to  levels  that  satisfy  the  exploiters, 
and  as  such  are  inadequate  to  deal  with  the 
much  wider  range  of  objectives  identitied 


here.  One  step  toward  improving  (his  situation 
would  be  to  ask  the  United  Nations  to  agree  on 
the  objectives  that  must  be  satisfied. 

Two  further  factors  are  needed  to  guar- 
antec  good  management:  one.  that  the  politi- 
cal structure  within  which  management  deci- 
sions are  made  is  adequate  to  balance  the 
conflicting  objectives;  and  two,  that  the  sci- 
ence on  which  those  decisions  are  based  has  a 
sufficiently  secure  data  base  and  assumptions 
to  avoid  errors  that  could  cause  irreversible 
change  or  other  undesirable  long-term  conse- 
quences. 

It  has  been  suggested  in  the  past  by 
GuUand  that  whales  should  be  made  the  pro- 
perty of  the  United  Nations:  Clark  (1976) 
suggests  that  a  Marine  Mammals  Authority 
(with  similar  powers  to  the  Sea  Bed  Authori^ 
originally  envisaged  for  mineral  exploitation) 
should  t>e  set  up,  and  he  goes  on  to  show  that 
such  an  authoritv  is  more  likelv  to  manage 
successfully  the  exploitation  of  cetaceans  for 
products  than  any  individual  Industry.  The 
case  for  w  hale  management  by  a  UN  body  (see 
Friends  of  the  Earth  International.  1976)  has 
been  repeated  more  recently.  A  further  sug- 
gestion is  that  the  value  of  marine  mammals  of 
a  given  species,  age,  sex  or  tribal  status  should 
be  quantified,  and  the  exploiter  required  to 
pay  accordingly. 

Certain  general  remarics  about  manage- 
ment appI^■  whatever  the  political  svstem  may 
be.  In  the  past,  we  have  tried  rather  loo  hard 
and  rather  too  arrogantly  to  "manage"  in  fine 
detail,  at  a  time  when  our  understanding  and 
ability  to  maintain  a  consistent  poliev  has  been 
limited.  Faulty  management  can  result  from 
one  scientist,  one  manager  being  replaced 
within  a  short  period;  by  overnight  changes 
of  industrial  requirements  and  markets;  by  a 
country  being  in\aded,  a  management  body 
replaced;  a  highly  toxic  diemical  spilled;  or  by 
a  new  fisherv  starting  up  and  rapidly  affecting 
the  whole  local  system.  Detailed,  "know-all" 
management  requires  consistent  and  careful 
foUow-up  which  no  one  is  in  a  positicm  to  give. 

The  second  and  perhaps  more  telling 
drawback  is  that  current  understanding  of  pop-    1 1 1 
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ulations  and  of  ecosystems  is.  contrary  to  po- 
pular opinion,  in  its  infancy,  fhe  mathemati- 
cal tcchniqucit  are  sophisticated,  but  the  data 
they  process  are  not,  and  even  the  most  tho- 
rough mathematical  analvsis  can  present  a 
picture  that  is  wildly  different  trom  the  actual 
events  in  the  systems  being  "managed". 

Paper  after  paper  admits  our  current  ig>- 
norancc  of  whales,  and  not  a  few  to  ignorance 
of  seals  The  Scientific  Committee  of  the  IWC 
has  reiterated  the  problems  of  handling  data 
so  poor  that  they  cannot  be  subjected  to  proper 
statistical  analysis.  Gulland  has  said:  "Put 
bluntly  in  terms  of  population  abundance,  we 
seldom  know  at  all  precisely  what  the  present 
population  is,  what  it  ought  to  be  if  our  objec- 
tives (MSY  or  whatever)  are  to  be  achieved,  or 
how  any  specific  proposed  action  (e.g.,  a  catch 
quota  for  the  coming  season)  will  alter  the 
population''.  Again:  "The  bdli^  that  maxi- 
mum sustainable  yield  occurs  at  half  the 
unexploited  population  is  only  the  conse- 
quence of  one  simple  model  with  little,  if  any, 
observational  foundation"  (Gulland,  1976). 

Scarcely  anything  is  known  of  the  size  of 
hood  seal  populations  currently  being  taken 
for  their  highly-valued  fur  and  considerable 
doubts  have  been  expressed  as  to  current  man- 
agement practices  for  harp  seals. 

In  the  case  of  whales,  some  of  the  critical 
unknowns  are: 


(i)  critical  survival  levels; 

(ii)  discrete  breeding  populations; 

(iii)  the  effects  or  removing  the  bulk  of  the 
aduk  population  (as  is  now  done)  on 
the  survival  rate  and  learning  period  of 
young; 

(iv)  the  effects  on  the  social  structure  of  a 

lowered  age  at  maturity  and  an 
increased  reproduction  rate; 

(v)  the  survival  value  of  sonic  communi- 
cation; 


(vi)  natural  fluctuations  in  whale  popula- 
tions, and  original  or  existing  popula- 
tion levels; 

(vii)  rates  of  recovery  (if  any)  for  most  pro- 
tected whale  stocks,  and  population 
levels  at  which  they  may  stabilize; 

(viii)  what  pain  whales  feel  and  how  intelli- 
gent they  may  be;  and 

(ix)  whether  a  maximum  sustainable  yield 
may  be  taken  from  a  discrete  breeding 
population,  and  if  so  at  what  popula- 
tion level 

These  unknowns,  and  more,  lead  to  er- 
rors in  calculation  far  greater  than  the  differ- 
ences in  population  levels  by  which  the  New 
Management  Procedure  of  the  IWC  classifies 
whales  (Holt,  1976). 

In  general,  we  may  add  that  it  is  not 
known  what  degree  of  real  competition  may 
edst  between  marine  mammals  and  fisher- 
men. Our  knowledge  of  what  fish  mammals 
eat  and  where  they  eat  it  is  poor,  and  it  is  by  no 
means  certain  diat  a  decrease  in  fish  eaten  by 
marine  mammals  would  mean  an  increase 
available  to  fishermen. 

This  introduction  has  uiicmpicd  to  give 
the  general  background  for  a  discussion  of 
desirable  population  levels  and  management 
strategies.  While  scientists  still  have  to  devise 
the  latter,  there  is  now  considerable  experience 
of  strategies  that  have  not  worked,  and  some 
suggestions  can  be  made  as  to  where  to  pro- 
ceed in  future. 


Desirable  population  levels 

Consideration  of  conflicting  objectives 
seems  to  lead  to  the  conclusion  that  marine 
mammal  populations  should: 

(a)    be  widely  distributed; 
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(b)  oootAin  as  aumy  discrete  breeding 
groups  as  they  are  capable  of; 

(c)  be  diverse  in  age  groups; 

(d)  be  sunicicnl  in  number  to  maintain  their 
role  in  the  ecosystem  and  to  withstand 
environmental  dianges  (such  as  exploi- 
tation  of  their  food  supply);  and 

(c)  some  populations  of  each  species  should 
be  completely  protected. 

In  addition,  no  inhumane  killing  should 
occur,  nor  should  any  of  the  intelligent  species 
be  killed. 

Allen  (1076)  has  suggested  that  sli^cks 
should  be  maintained  at  their  maximum  sus- 
tainable yield  level,  because  at  that  level  they 
are  most  capable  of  change  in  numbers.  How- 
ever, this  assumes  no  environmental  changes 
such  as  khil  tlshing,  and  fails  to  satisfy  most  of 
(if  not  all)  the  requirements  (a)  to  (e).  In  addi- 
tion, the  practical  application  of  MSY  has 
failed  because  of  a  faultv  data  base  (ignorance 
of  discrete  populations  or  population  levels) 
and  of  questionable  assumptions  (for  instance, 
that  MSY  occurs  at  50  or  60  percent  of  initial 
population)  resulting  in  MSY  estimates  for  the 
same  whale  stocks  that  vary  by  thousands  of 
whales  from  year  to  year. 

In  an  attempt  to  devise  management 
strategies  that  would  take  aeeount  of  the  need 
to  manage  the  ecosystem  rather  than  a  species 
in  isolation,  the  Airlie  House  workshops  on  the 
exploitation  of  wild  living  resources  defined 
the  desirable  state  of  a  resource  system  as  one 
which  fulfilled  the  following  three  oon<litions: 

1.  physical  yields  or  other  derived  values 
are  capable  of  being  maximized  on  a 
continuing  basis; 

2.  diversity  of  present  and  future  options  in 
using  the  resource  are  ensured;  and 

3.  ride  of  irreversible  diange  and  lon^-tom 
adverse  effects  resulting  fnMn  use  is  min- 
imized. 


They  added:  "Simplistic  goals  of  con- 
servation, including  the  widely  adopted  one  of 
assuring  maximum  sustainable  yield,  prove  to 
be  inadequate**.  The  concern  of  these  work- 
shops was  mostly  w  ith  physical  yield,  but  even 
within  that  limited  range  of  objectives  MSY 
was  tbund  wanting. 

The  U.S.A.  has  proposed  to  the  North 
Pladfic  Fur  Seal  Convention  that  Optimum 
Sustainable  Population  (OSP)  should  replace 
the  MSY  concept,  and  that  this  new  concept 
should  include  considerations  of  the  optimum 
carrying  capacity  of  the  habitat  and  the  health 
of  the  ecosystem  (Baker»  1976). 


Management  strategies 

FartK  as  a  method  of  determining  the 
size  of  the  cake  that  those  exploiting  unowned 
resources  have  to  divide  between  them,  the 
maximum  sustainable  yield  concept  has  been 
in  wide  use  in  fisheries  and  marine  mammal 
management.  Apart  Irom  its  inability  to  satisfy 
many  of  the  objectives  defined  in  this  paper,  it 
has  also  failed  in  pracdce.  There  are  a  number 
of  reasons. 

It  is  necessary  to  make  assumptions 
about  the  level  at  which  MSY  will  occur;  it  is 
usually  applied  in  ignorance  of  many  impor- 
tant parameters  including  the  true  initial  and 
actual  population  levels;  it  is  not  apphed  to 
individual  breeding  populations;  time-lags  in 
the  system  will  occur  before  chances  in  im- 
portant variables  (such  as  food  supply  and  so> 
cial  impact  effects  on  recruitment)  are  reflect- 
ed in  the  few  variables  that  are  measured:  and 
the  critical  survival  levels  of  the  stocks  to 
which  MSY  is  applied  are  not  known.  It  is 
surprising  to  fmd  proponents  of  the  continued 
application  of  MSY  continuing  to  draw  neat 
graphs  of  yield  against  population  si/c  with 
Utile,  if  any,  reference  to  such  sigiulicant  dcli- 
dencies. 

It  is  the  objective  of  the  "New  Manage- 
ment Procedure"  of  the  International  Whaling     1 13 
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Commission  to  bring  whale  stcuks  to  their 
MSY  level  and  maintain  them  there.  While 
quotas  for  stocks  thought  to  be  at  that  level  are 
set  at  90  %  of  MSY,  the  variations  in  estimates 
of  MSY  themselves  are  frequently  larger  than 
the  quotas  set  Little  wonder  then  that,  politi- 
cal considerations  apart,  the  IWC  has  failed  to 
manage  whales  in  a  sustainable  fashion. 

A  management  step  satisfying  rather 
more  of  the  defined  objectives  would  be  to 
follow  up  the  Airlie  House  recommendations 
and  develop  strategies  for  the  exploitations  of 
ecosystems  as  entities.  Certainly  this  would 
eliminate  the  need  to  reduce  marine  mammal 
populations  where  they  appear  to  oompete 
with  man  for  fish  and  krilL  and  it  would  by 
defmition  prevent  the  occurrence  of  irrever- 
sible changes.  To  satisfy  objective  (12)  the 
strat^  would  have  to  allow  for  area-based 
exploitation  and  non-consumptive  use  within 
the  ecosystem  Both  Mexican  and  CaUfomian 
gray-whale  watchers  will  be  adversely  affected 
if  pelagic  fleets  deplete  the  populations  they 
olMerve. 

Protection  has  always  been  a  part  of 
management.  At  least  some  of  the  ethical  ob- 
jectives would  be  satisfied  by  the  creation  of 
marine  parks  specifically  as  sanctuaries  for 
entire  populations  of  each  marine  mammal 
species.  Similar  to  the  early  concept  of  nation- 
M  pailn,  such  areas  would  allow  total  pro- 
tection of  the  species,  its  habitat  and  food 
supplv  while  permitting  some  tourist  and 
scientiiic  observation.  This  action  would  be 
additional  to  the  ecosystem  management  pro- 
posed first,  and  in  the  case  of  cetaceans,  it 
would  require  setting  aside  very  large  corri- 
dors of  ocean,  and  identification  of  tne  popu- 
lations' feeding,  travelling  and  breeding  areas. 

Relatively  little  management  is  required 
il  the  objective  is  cither  total  protection  or  total 
exploHatkm  —  except  in  the  case  of  total 
protection  wbm  oitical  habitats  still  need 
preserving. 

in  the  case  of  cetaceans  there  is  a  strong 
practical  argument  for  the  cessation  of  all 
commercial  whaling.  Not  only  are  the  whales 
1 14    important  to  the  ecosystem  and  stow  to  recover 


from  overcxploitation.  hut  the  presently  ex- 
ploited species  are  deciimng  in  most  areas 
under  IWC  management,  with  the  possible 
exception  of  the  mmke  and  sei  whales,  which 
mav  be  threatened  by  krill  exploitation  in  the 
near  future.  If  scientific  expeditions  designed 
to  obtain  the  maximum  data  possible,  with  no 
commercial  pressures  and  with  strict  control 
over  killing,  were  to  continue  under  a  morato- 
hum,  the  inlbrmation  thus  gathered  would 
undoubtedly  be  more  valuable  than  the 
inadequate  data  at  present  obtained  from  the 
whaling  industries  themselves.  Research 
would  be  geared  to  the  full  range  of  objectives, 
and  would  thus  include  population  dynamics, 
social  interactions  and  communication,  learn- 
ing, migration,  ecological  relationships,  intel- 
ligence, identification  of  populations  and 
feeding  habits.  Gaskin  (1976)  has  articulated 
and  documented  the  doubts  as  to  whether 
most  protected  whale  populations  are  recov- 
enng  at  all,  yet  such  knowledge  is  essential  to 
our  understandinj^  of  the  ecosystem. 

While  at  this  p<Nnt  the  murmur  of  "rea- 
lists" hcatin*?  their  war  drums  may  be  heard,  it 
IS  reasonable  to  suppose  that  if  men  can  be  put 
on  the  moon,  live  whales  can  be  studied  with 
success  Two  papers  (Mohl.  I  arsen  and 
Amundin.  1976;  Whitehead  and  Payne,  1976) 
have  presented  methods  of  determining  size  in 
sperm  and  right  whales  without  IdUing  them. 
Pavnc  has  also  found  distinctive  patterning  on 
the  head  and  the  fluke  of  the  right  and  hump- 
back whales,  respectively,  thus  facilitating  the 
study  of  individual  behaviour  and  population 
migration. 


Future  trends 


It  is  unlikely  that  all  industrial  objectives 
will  he  product-oriented  in  future.  Even  now, 
live  doiphms  are  bein^  trained  as  guards 
against  hostile  frogmen  m  docks,  and  ror  re- 
covery of  test  equipment  from  the  sea  bed. 
Industry  may  need  to  communicate  with  Uve 
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whales;  fishennen  may  need  spenn  whales  to 
find  the  deep-sea  squid. 

The  paiiem  ol  exploitation  is  bktly  to 
change.  At  present,  a  few  countries  are  re- 
sponsible for  the  major  part  of  the  take  of  ce- 
taceans, and  probably  of  all  marine  mammals. 
Most  of  these  are  developed  countries.  Ihe 
cost  of  operating  on  dwindling  stocks  has  al- 
ready affected  the  economics  of  pelagic  whal- 
ing, and  s(i  the  catches  of  the  more  numerous 
countries  whaling  from  land  stations  have  be- 
come more  significant.  It  may  be  that  in  future 
marine  mammals  will  be  killed  more  locally. 
Where  the  products  are  used  for  local  con- 
sumption there  is  some  chance  that  the  objec- 
tive will  be  to  obtain  a  sustainable  yield.  But  if 
the  present  trend  continues  and  they  mainly 
enter  international  trade  (in  seal  skins,  whale 
meat,  whale  oil)  there  will  be  a  trend  toward 
the  maxtmuin  immediate  profit  objective. 

In  the  ethical  and  political  fields  we  are 
i   seeing  a  change  in  the  expression  of  lone-held 
I  values,  rather  than  a  change  in  the  values 
I  themselves.  The  desire  to  appreciate  marine 
mammals  for  theu-  own  worth,  and  a  decreas- 
ing desire  for  their  products  result  both  in  im- 
port prohibition  on  some  marine  mammals 
products  by  a  number  of  oountrie8«  and  in 
the  creation  d  cetacean  sanctuaries  and 
whale-watch  in  c  areas  for  tourists. 

The  developing  countries  are  now  more 
emphatic  in  their  intention  of  obtaining  a  fair 
share  of  the  world's  remaining  resources  and 
of  restricting  the  activities  of  those  whose  only 


claim  to  consume  is  possessaon  of  the  tedinol- 

ogy  to  do  so  The  increase  in  evidence  for 
cetacean  intelligence  and  the  likelihood  of  di- 
rect commiuication  with  some  whales  is  al- 
ready affecting  some  people's  values^  and  thb 
influence  is  likely  to  grow  fast  if  we  ever  leam 
to  communicate  with  dolphins. 

Even  within  the  limited  range  of  objec- 
tives concerned  only  with  products,  it  is  the 
demand  for  food  which  will  surely  dominate  in 
future,  given  a  human  population  that  cannot 
help  but  expand  considerably  in  the  next  30 
years.  However,  the  highest  level  it  may  reach 
is  uncertain.  We  must,  therefore,  consider 
whether  the  depiction  of  any  marine  mammal 
stock,  whether  for  fur  coats  or  for  oil  to  soften 
fashion  leathers,  can  be  justified. 
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P.  FORTOM-GOUIN 


Ahsiraci 

The  high  degree  of  anatomical  development  of  the  brain  of  cetaceans,  comparable  to  the 
development  of  man'is  brain,  and  in  certain  ways  perhaps  more  advanced  than  it.  suggests  that 

ccrchcllum  ofwhalc^  and  dolphins  is  srcncralK  belter  formed  than  in  terrestrial  niariinials.  the 
paleocortex  is  much  smaller  and  in  the  cerebral  cortex  of  some  species,  there  arc  mure 
convolutions  and  a  larger  number  of  neurons  than  in  man,  and  a  large  area  apparently 
devoted  tn  j  AHviation  funeiimis  The  brain  weiL;ht  of  several  species  i^  rireater  t1:a:i  (liat  of 
man.  I  he  mllucncc  of  ihc  environment  may  account  for  the  apparently  dilfcrcnt  ways  in 
which  whales  and  dolphins  express  their  intelligence.  If  the  tntelligenoe  of  these  aaimals  is 
extraordinaiy,  it  may  be  ethically  wrong  to  kill  them. 


Le  haul  dcgre  de  developpement  anatomique  du  eerveau  des  celaces,  eompurable  au 
d^eh^ipenentducerveau  humam  ci.  sur  certains  points,  pcut-ctre  plus  avanc^  que  lui.  laisse 
pen'-er  que  certaines  especcs  de  cetaccs  recelcnl  im  p<itetuiel  d'intclligcnee  comparable  a  ceiui 
de  i  lioiiiine.  Lc  cervelet  des  balcmcs  ct  des  daupliins  est  generalement  niicux  (orine  que  eelui 
des  mammiftres  terrestres.  le  paldocortcx  est  beaucoup  plus  petit  et,  dans  le  cortex  cerebral  de 
certaines  c-pC-cc-  i^n  iroiix  c  des  eircomohitions  plus  nombreuses  et  un  plus  grand  nombre  de 
neuri>nes  que  die/  i  lionimc.  amsi  qu'une  large  zone  apparemmcnt  consacrec  aux  fonclions 
d'association.  I.e  poids  du  cerveau  de  plusieurs  especcs  est  SUp£rieur  i  cclul  de  I'homme. 
L'influence  de  I'environnemenl  pcut  expliquer  les  fac^ons  app:romment  difTerentes  dont 
les  baleines  et  Ics  dauphins  cxpnmenl  Icur  intelligence.  Si  rmielligencc  de  ccs  anmiaux  est 
extraofdinaire,  fl  potirrait  <tre  bttmable,  sur  le  plan  de  r^thiqttc,  de  les  tuer. 


Extructo 

F.I  complicado  dcsarrollo  anat6mico  del  cerebro  de  los  ceticeos,  comparable  al  del 
ecrebro  humano  y.  desde  eicrtos  puntos  de  vista,  tal  vcz  avanzado  que  6\.  sugiere  que 
qui/a  alt' Unas  especies  de  cetaccos  teiiL'an  un  p<^tencial  de  inteligencia  comparable  al  del 
honibrc.  LI  cerebelu  de  las  baltenas  y  los  delfmcs  csta  en  general  mejor  formadu  que  el  de  los 
mamiferos  terrestres,  la  paleocorleza  es  mucho  menory  la  corieza  cerebral  de  algunas  especies 
tiene  nuts  circunvotuciones  y  mayor  nAmerode  neurones  <)iie el  hombre.  con  una  amplia  zona 
dedicada  aparentemente  a  las  funciones  asociativas.  EI  peso  cerebral  de  varias  csfkcies  es 
mayor  que  el  del  hombre.  Las  formas  aparentemente  diferentes  en  que  las  ballenas  y  delfmes     1 1 7 
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nKinificMjn  su  inlcliccncKi  qui/a  m-  Johan  a  la  innucncia  del  medio  amhier.te  Si  la  iiiicli- 
gencia  dc  cstus  aninialch  cs  cxiraordinanu.  c:>  pustbic  que  nialarlus  sea  cticanicntc  madmisi- 
ble. 


P.  Fortom-Gouin 

Insiiiute  for  Delphinid  Research,  Box  NS5St,  Nassau,  Bahamas 


Introductkm 


The  high  level  of  cerebral  development 
by  cetaceans  is  one  of  tlieir  most  interesting 
characteristic^,  as  Ihe  brain  is  ihe  principid 
anatomic  component  of  "mtelligence'\ 

The  brains  of  the  80-odd  species  of  ceta- 
ceans present  extreme  vaiiatioiis  of  size  and 
complexity.  At  one  end,  the  Sperm  whale  brain 
is  the  lareest  of  any  species  on  earth.  At  the 
other  end,  Pkaanista  gangeiica  brain  weighs  a 
mere  ISO  g. 


Brain  weight 


The  average  brain  weight  of  the  adults  of 
some  species  is  ffvea  in  die  following  table: 


Cetaceans 


Odonuxeti: 
Common  dolphin 
Botllenose  dolphin 
Beluga 

RJw's  dolphin 
IM.ii  wh.ilc 
Killer  whale 
Sperm  whale 

Mysliceti: 
Gray  whale 
Sei  whale 
Fin  whaJe 


750 
1500/1800 
2200 

2  250 
2  MHI 
4  500 
8000/9000 


4200 
4700 
7000 


The  ratio  of  brain  weight  to  body  weight, 
also  called  the  eneepliali/ation  rati(\  is  lowest 
in  the  largest  species  (blue  whale,  sperm 
whale)  and  highest  in  the  smaller  spedes 
(harbour  porpoise,  bottlenose  dolphin).  This 
ratio  in  the  bottlenose  dolphin  is  veiy  dose  to 
the  value  in  man. 

This  ratio  does  not  seem  to  be  a  very 
significant  interspecies  index  of  "intelligence  . 
Man  does  not  have  the  highest  ratio  among 
land  mammals. 


Brain  anatomy 


The  cerebellum,  which  is  involved  in  the 
coordination  ol  the  motor  outputs  and  ihe 
processing  of  some  sensory  inputs,  is  higiily 
evolved  in  most  cetaceans,  and  generally  bet- 
ter formed  than  in  terrestrial  mammals.  It  re- 
presents a  larger  percentage  of  the  total  brain 
weight  in  Mysticeti  than  in  Odontoceti  as  the 
following  table  shows: 


(  trchcllum 
weight 


cerebellum  / 
loul  bfaln 


Primates 


Hmno  st^eta 


1300 


Bduga 
PilOl  whale 

Sei  whale 
Kin  whale 
Homo  sapiens 


340 
443 
867 
1575 
148 


15 

18.3 

19.4 

25.7 

10.1 
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CETACEAN  NEUROANATOMY 


The  cerebrum,  made  up  of  ihe  cerebral 
hemispheres,  is  folded  hingittidinally  to  fit  the 
evolutionary  modificatiom  of  the  skull,  so  that 
It  is  generally  higher  and  wider  dian  it  is  long. 

It  is  well  developed  in  all  cetaceans  and 
presents  a  large  number  of  gyri  and  sulci  In 
smaller  odontoceti  it  is  organized  into  4  lobes 
(primates  have  a  3-lobe  arrangemeiit).  A  Tur- 
stops  cerebrum  is  more  intricatdy  convoluted 
than  a  human  brain,  with  a  correspondingly 
thinner  cortex  and  larger  cortex  surface.  The 
degree  of  fissuration  and  the  extent  of  the 
neocortex  surface,  which  increase  from  lower 
primates  to  higher  primates  to  man.  is  gener- 
ally considered  a  cnlenon  of  evolutionary 
progress. 

The  paleocortex,  on  the  contrary  ,  is  very 
small  in  comparison  with  land  mammals, 
mcludmg  primates.  It  has  been  called  the 
reptile  brain  because  it  is  the  most  primitive 
structure  of  the  brain,  to  which  evolution  has 
simply  added.  It  has  been  suggested  that  this 
marked  reduction  in  the  limbic  structures 
might  be  responsible  for  the  decidedly  hedo* 
nistic  nature  of  the  dolphins  (Pillcri.  1%7). 

However,  some  structure  show  an  enor- 
mous  development:  in  DeipfUma  delphis,  the 
superior  olive  and  the  ventral  nucleus  of  the 
lateral  lemniscus  are  respectively  1 50  and  200 
times  larger  than  in  man.  A  similar  condition  is 
found  onhr  in  bats  (Zvorykin«  1963X  which 
points  to  ueir  function  in  ultrasonic  percep- 
tion. 

The  weight  ratio  of  neocortex  to  paleo- 
cortex, which  IS  sometimes  used  as  an  index  of 

cvoh)tionarv'  progress  in  land  mammals,  is 
higher  in  Tursiops  than  in  man. 


Cerebrum  cortex  anatomy 


In  the  cortex  of  the  cerebrum  of  humans 
the  higher  mental  functions,  such  as  memory, 
language,  concept  formation  and  recognition 
are  located. 

It  is  therefore  interesting  to  study  in 


more  detail  the  cerebram  cortex  anatomy  in 
cetaceans. 


Neuron  density 
and  neuron  number 

It  is  sometimes  said  that  although  ceta- 
ceans have  larger  brains  than  man,  they  have 
fewer  neurons  A  studv  hv  Kraus  and  Pilleri 
provides  some  intcrcstmg  intbrmation  which  is 
summarized  in  the  following  table  (Kraus  and 
PiOeri,  1969). 


Brain 
weighl 
<g> 

Cortex 
volume 
(mm*) 

Average 
neuron 
density 

Total 
neuron 
number 

Ganges  susu 

130 

55  000 

hlot  whale 

2200 

453  000 

65  500 

30x10' 

Fin  whale 

S8S0 

1  issooo 

13000 

15xI0» 

Home  salens 

1300 

181000 

16500 

14xlO> 

There  is  a  certain  margin  of  error  in 

those  niimhers  (the  total  neuron  number  in  the 
human  cerebrum  cortex  has  been  estimated  by 
various  researchers  from  10  X  10*  to  16  x  10^, 
but  it  gives  a  rough  compaiison. 

The  fin  whale,  a  mysticete.  with  a  cortex 
more  than  6  times  larger  than  a  human,  has  a 
slightly  larger  total  cortical  neuron  number 
than  humans  because  of  a  correspondingly 
lower  neuron  density. 

The  cortex  of  a  pilot  whale,  an  odonto- 
cete.  with  a  neunm  density  slightly  lower  than 
a  human,  has  twice  as  many  neurons  as  a 
human  cortex. 

The  neuron  is  the  equivalent  of  a  multi- 
polar switch  in  a  computer.  The  total  number 
of  neurons  is  therefore  a  good  index  of  the 
complexity  of  the  cerebrum  "biocomputer". 
The  above  study  points  to  the  difTerence  in 
COTtex  neuron  densities  between  mysticete  and 
odontocete.  119 


Copyrighted  matsrlal 


p.  FORTOM-OOUIN 


Neuron  anatomy 

Could  the  neurons  be  more  numerous 
but  less  efficient?  Morgane  and  Jacobs  (1972) 
have  carried  out  several  Golgi  analyses  of  ho- 
mologous areas  of  cortex  in  several  species  of 
delphinid  and  in  monkeys  and  humans  and 
conclude  that  '*the  neuron  connectivities  sy- 
naptic geometry  and  dendritic  fields  are  com- 
parable between  dolphins  and  primates  by  all 
jupplicable  criteria**.  Zvorykin  (1963)  reached 
the  same  conclusion  when  comparing  the 
tem  poial  cortex  of  the  common  dolphin  and  of 
man. 


CORllCAL  UVMINATION 

All  6  layers  typical  of  the  mammalian 
brain  are  found  in  the  cetacean  cortex  (Jansen 
and  Jansen,  1969;  Rose,  1926). 

In  cetaceans,  as  in  the  higher  primates, 
the  second  layer  is  the  narrowest  and  the  sixth 
the  hr^adest.  The  last  layer  is  noticeably  broad 
in  all  cetaceans  (Pilled  and  Gihr,  1976).  This 
and  other  vaiiations  in  layer  thidoiess  await 
analysis. 


Regional  duterentiation 

In  a  mammal  cerebrum  cortex,  there  are 
histologically  difTerent  sensory,  motor  and  as- 
sociation areas. 

It  is  (he  extension  of  the  association 
ureas  which,  more  than  anything  else,  sets  man 
apart  from  the  odier  primates. 

In  cetaceans,  cytoarchitectonic  assess- 
ments show  high  area  differentiatidn.  with 
most  of  the  formations  being  of  the  association 
type.  The  motor  formations,  with  their  char- 
acteristically large  pyramidal  cells  are 
somewhat  limited  and  located  in  the  anterior 
extreme  of  the  brain  (Lende  and  Akdikmen, 
1968);  the  sensoiy  formations  are  well  de- 
veloped. 


Conclusion  and  discussioB 


The  neuroanatomy  of  the  cetaceans  is  in 
every  way  comparable  to  that  of  higher  pri- 
mates, with  specii'ic  variations  which  await 
analysis.  What  is  more,  in  several  species  of 
larger  odontooeti*  the  brain  and  the  cerebrum 
neocortex  is  several  times  larger  than  in 
humans,  in  terms  of  weight,  total  neuron 
count  and  size  of  cortical  association  areas. 

I  have  said  that  neuroanatomy  is  the 
principal  anatomic  component  of  "intelli- 
gence". The  other  anatomic  components  are 
the  'peripherals**  of  the  biooomputer: 

(i)  the  sensory  organs  for  information 

input,  with  (he  auditorv'  organs  having, 
in  cetaceans,  the  pre-eminence  that  vi- 
sual organs  have  in  man; 

(ii)  the  motor\'  organs  characterized  in  ceta- 
ceans by  the  lack  of  hands  with  the  mo- 
tory  activity  channelled  mainly  into 
sound  production  and  body  movemoit. 

The  brain  with  its  peripherals  represents 
the  intelligence  potential  of  the  species. 
Interaction  with  the  environment  (physical, 
social,  cultural)  can  programme  the  biooom- 
puter in  very  different  directions.  The 
influence  of  (he  environmental  component  is 
enormous:  it  can  turn  the  same  individual  into, 
say,  an  electronic  engineer,  or  a  Bindubu 
Australian  aborigine  (who  makes  no  shelter, 
no  clothes  and  just  abou(  no  utensils  or  tools) 
or  even  a  wolf-child  with  no  verbal  language 
and  rudimentary  conceptual  thinking. 

Let  U.S  also  remember  that  while  the 
genus  Hom(^  has  been  around  2  milHon-plus 
years  {Homo  abiiis  olduvai)  and  Homo  sapiens 
tO  000 years,  we  never  developed  any  lecnnol- 
ogy  more  complex  than  putting  a  stone  on  the 
end  of  a  stick,  except  m  the  last  10  (X)0  years. 

The  study  of  cetacean  neuroanatomy 
makes  a  very  strong  case  for  aooq>ting  the 
possilnlity  that  the  intelligence  potential  of 
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several  species  is  quite  comparable  to  ours.  It 
IS  probably  in  the  ovcPAhclminp  influence  of 
the  environment  (physical,  social}  and  m  the 
difTerent  type  of  motory  outputs  that  we 
must  look  for  the  explanation  of  the  veiy 
ditTercnt  (but  not  inferior)  forms  that  iheir 
intelligence  potential  takes. 

For  this  reason  (among  several  others 
sudi  as  their  extraordinaiyunaggressiveness  and 


even  friendliness  toward  humans)  I  believe 
that  there  is  a  verv'  grave  ethical  problem  of 
whether  humans,  just  because  they  have  the 
necessaiy  technological  power,  should  kill 
cetaceans  at  all.  Should  humans  kill  sperm 
whales,  with  the  largest  and  possibly  the 
most  complex  brain  on  earth,  to  make  gear 
oil,  leather  softeners,  or  pet  food  out  of 
them?  The  question  must  be  asked. 
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Ah$lKUCt 

Scientific  studies  of  some  species  of  small  cetaceans  have  shown  that  they  are  highly 
inlclligcnl  animals  capable  of  learning  in  advanced  ways  and  among  whom  social  interaction, 
especially  communication,  is  important.  Commuoicalion  should  be  taken  to  include  beha- 
viour other  than  vocalization,  is  important  in  so  much  as  it  affiKts  behaviour  and  the  relations 
between  animals,  and  can  be  expected  to  be  very  co!np!e\.  Although  there  luivc  not  Hccri 
man)'  behavioural  studies  of  cetaceans  in  the  wild,  some  work  indicates  that  communication 
between  man  and  these  animals  is  possible.  Two  basic  kinds  of  sounds  are  known  to  be  made 
by  cetaceans  —  a  high  frequency  one  composed  of  pulsed  clicks  and  used  for  echo  location, 
and  a  low  frequency  one  used  in  communication  and  including  sounds  that  are  peculiar  to 
certain  species  and  individual  animals.  Interest  in  the  central  nervous  system  of  cetaceans  has 
been  stimulated  espccialh  b\  the  question  of  the  role  of  the  large  and  highly  convoluted 
cerebral  cortex.  Although  %  cr\  lutle  is  known,  it  has  been  suggested  that  it  is  concerned  with 
commanication,  sight  and  perhaps  with  "h^her**  central  nervous  system  ftmctions  associated 
with  "intelligence"  in  man  —  this  latter  suggestion  seems  to  be  supported  by  the  presence  ofa 
large  amount  of  intrinsic  nucleic  formations  in  the  dolphin  thalamus  and  by  the  apparently 
small  portion  of  the  ooitex  associated  with  primary  motor  or  sensory  functions.  Olfactory 
nerves  are  absent  and  cutaneous  sensibilities  are  thought  to  be  reduced. 

Les  itudcs  scientifiques  portant  sur  oertaines  esptees  de  petits  diicis  ont  montr6  qull 

s'agit  d'animaux  hautement  intciligcnts.  capables  d'apprendrc  dcs  elements  complexes  el  che/ 
lesquels  I'inleraction  sociale,  specialemeni  la  communication,  est  importanie.  11  cunvient  de 
fauc  entrer  dans  les  oommimications  le  oomportement  autre  que  la  phonation:  ce  processus 
est  important  dans  la  mcsure  ou  il  alTcctc  Ic  comportement  et  les  tcLitmns  entre  animaux  et 
Ion  pcul  compter  qu'il  est  tr^  complexe.  Bien  qu'il  n'y  ait  eu  qu'un  nombre  limits  d'^tudes  du 
a>mportement  des  c^tac^s  en  liberty,  certains  travaux  hidiquent  que  la  communication  entre 
rhomme  et  ccs  animaux  est  pos.siblc.  On  sail  que  les  cetaccs  dmeltcnt  deux  types  csscnticls  dc 
son,  un  son  k  haute  fr^uence  composd  de  cliqudtements  pulses,  utilise  pour  le  repdrage  par 
MiO  et  un  son  k  basse  frequence,  utilisi  pour  la  communication  et  comprenant  des  sons 
paiticuliersi oertaines  cspcces  ci  a  ccriains  animaux.  l/intdret  pour  le  systime  nerveuxoentnl 
des  c£tac^  a  et6  stimule  specialement  par  ie  prohleme  du  role  du  vaste  cortex  aux  nombreuses 
ctrconvolutions.  Encore  que  les  connaissances  soient  tres  fragmentaires.  on  a  sugger^  qu'il  est 
U£  il  la  communication,  la  vue  et  pcut-^tre  i  d'autres  fonctions  "supOricurcs"  du  systi^me 
nerv'eux  central  associ<^es  a  r"intclligencc"  chc/  rhomme.  Cclte  hypolhese  semhie  etre 
etayee  par  la  presence  d'une  grandc  quantite  de  formations  nucl^iques  mtrinseque:^  dans  le 
thalamus  du  dauphin  et  par  la  portion  apparemment  rfcduite  du  cortex  assodte  aux  fonctions  123 
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pnm aires  motrices  ou  seusitives.  LesaeffsolTactifssont  absents et  Ton  pense  que  la  sensibility 

cutanee  est  reduite. 

Extraeto 

Los  estiidios  cientlfioos  realizados  sobre  algunas  espedes  de  pequefif»  ceticeos  han 

mostrado  que  son  anim.ilcs  muy  inlcligcnics,  capaccs  dc  aprcncli/.ijc  y  cnlrc  los  que  la 
uiieraccidn  social,  especialmeate  la  comiuiicaddn,  liene  su  importancia.  La  comunicacion, 
que  inchiye  otras  maniftstaciones  ademis  de  la  vocalizaci6n,  revisie  importancia  en  la  medida 
eoqueafeci  1  al  toinportamiento  de  los  animales  y  a  las  relacioncs  cntreelJos,  y  parece  ser  que 

es  muvcomplcja  Aiinque  no  se  han  realizado  muchosestiidios  sohrc  el  compiinamicnto  dc  los 
cetaceos  en  libcrlad.  algunos  irabajos  rcali/ados  indican  que  la  tomunitauon  cnlrc  el  hom- 
bre  y  esoh  animales  es  posible.  Se  sabe  que  los  cetaceos  emiien  dm  lipM  bisicos  dc  sonido: 
uno  de  gran  frecuencia.  formado  por  cha<;quid(>s  mterniitenies.  que  uiili/an  para  la  loeali/a- 
cion  de  objelos  por  su  ceo.  y  otro  dc  baja  trecuencia.  que  se  utiii/a  para  la  comunicacion  c 
incluye  sonidos  que  son  peculiares  de  determinadas  especies  e  individuos.  El  interns  por  el 
sistema  nervioso  central  de  los  cetaceos  se  ha  visto  estimulado  especialmente  por  el  problema 
de  la  tuncion  que  dcscmpena  la  corteza  cerebral,  grande  y  con  muchas  circunvoluciones. 
Aunque  se  sabe  atn  may  poco,  se  ha  sugerido  que  en  eOa  ndican  la  comunicad6n.  la  vista  y 
quizas  alcunav  fiinciones  "superiores"  del  sistema  ncrviosti  central,  asi>ciadas  eon  la  "inicli- 
gcnda"  del  hombre,  sugerencia  e&ta  ultima  que  parece  confirmada  por  la  presencia  de  gran 
caniidad  de  rormaciones  nudeicas  intrinsecas  en  el  tilamo  del  delfin  y  por  la  porct6n 
aparentementc  pequena  de  la  eorte/a  cerebral  que  esta  asociada  con  las  funciones  prin m  i- 
motoras  o  sensorialc^.  No  hay  nervius  ollatorios  y  se  cree  que  la  sensibilidad  cutanea  es 
redudda. 


Behaviour  and  leuniHg 


The  sodal  tnleractioiis  of  oetatxans  have 

not  yet  received  the  attention  accorded  to,  for 
example,  the  primates,  though  there  is  cer- 
tainly an  increa&me  mterest  in  the  interactions 
between  individuate  in  captive  cetacean  oolo* 
nies (Evans  and  Bastian.  1969).  An  exampleof 
an  extensive  study  of  cetacean  behaviour  by 
Bateson  (1966,  1974)  u>  unportant  because  of 
its  approadi  to  communication  between  indi- 
viduals. His  interest  is  in  the  paradigm,  in 
which  the  presence  or  absence  of  communica- 
tion data  are  meaning! ul  to  members  of  a 

goup  in  the  sense  that  their  behaviour  is  af- 
Dted.  He  stresses  that  the  behaviour  itself  is 
communication  and  that  the  discourse  is  about 
the  fundamentals  of  the  relationship  itself  He 
ai]gues  that  since  cetaceans  are  mammals,  their 
communication  will  be  concenied  with  pat- 


terns of  relationships,  and  because  they  are 
social  animals  and  have  laree  brains,  their 
communication  will  be  highly  complex.  His 
fnst  requirement  for  res^rdiing  cetacean 
communication  is  the  identification  and  clas- 
sification of  the  dilTerent  types  of  behaviour 
and  their  components.  For  him,  the  statistical 
aspects  of  studying  vocalizations  are  seoond- 
aiy  to tihe behavioural  metaphors  that  cetaceans 
use.  A  summary  of  the  behavioural  transac- 
tions that  he  observed  in  a  group  of  captive 
dolphins  is  given  below: 

(i)  Slow  side-bv-side  swimming  with 
synchronous  movements  and  respira- 
tions; sometimes  with  flipper  contact; 

(ii)  fast   swimming   with  progressively 

synchronized  jumping; 

(iii)  coitus; 
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(iv)  threat  mcnemenls  characterized  hv 
their  suddenness:  lunging,  head  turn- 
ing with  mouth  open,  fluke  or  beak 
stnldng.  Threats  are  conunmily  ac^ 
companied  by  vocali/ation.  A  threat 
hierarchy  exists  and  the  order  is  irre- 
versible; 

(v)  beak-gcnital  propulsion,  somedmes 
with  pair  reversals; 

(vi)  body,  fluke  or  flipper  rubbing;  repeti- 
tive or  continuous; 

(vii)  pat-a-cukc;  alternating  dorsal  and  pal- 
mar surfaces  of  flippers; 

(viii)  chase;  follows  threat,  precedes  coitus 
and  is  possibly  engaged  in  as  competi- 
tive plajring; 

(ix)  rest  formation;  a  slowly  circling  group 
pattern  formation;  2  of  the  7  members 
were  not  a  part  of  it,  one  of  whom 
"wanted"  to  be;  the  other  remained  a 
loner,  "hanging"  in  the  water. 

For  those  attempting  ethological  studies 

in  the  wild,  Bateson  (1974)  stresses  that  partic- 
ular attention  should  be  paid  to  the  sleep/ rest 
pattern  of  the  animals,  since  it  relates  closely  to 
their  overall  social  organization. 

Another  point  that  both  Bateson  (1974) 
and  Lilly  ( 1977)  make  is  that  one  should  not 
place  oneself  in  a  patronizing  position  toward 
tiie  cetaceans  as  one  would  do  with  a  dog  or  a 
cat.  When  in  the  water  and  interacting  with 
cetacean  species,  the  chance  of  learning 
something  is  greater  if  respect  is  paid  to  the 
intelligence  potentials  of  these  animals. 

The  behaviour  of  captive  dolphins  and 
whales  is  also  described  by  Pryor  (1973)  and 
Caldwell  and  Caldwell  (1966).  Pryor  empha- 
sizes that  cetacean^  are  h^ly  sodal  and 
intelligent  animals  who  use  a  variety  of 
postures,  gestures,  movements  and  sounds  in 
their  dai^  bdiaviour.  In  additioo,  cetaceans 
demonstrate  higher  orders  of  learning:  learn- 


ing by  observation,  single-trial  learning,  and 
the  acquisition  of  learning  rules.  The  Cald- 
wells  reviewed  the  hterature  on  the  remark- 
able care-giving  behaviour  that  cetaceans  ex- 
hibit  toward  each  other,  particularly  to  juve- 
nile, injured  or  distressed  individuals  There 
have  been  many  reports  on  the  general  orga- 
nization and  behaviour  of  cetaceans  in  open 
waters,  their  distribution  and  migration  habits 
and  of  personal  encounters  with  them  from 
antiquity  to  the  present  (e.g.,  Slijper,  1962; 
CaldweU,  Caldwell  and  Rice,  1966;  Norris, 
1974;  Norris  and  Prescott.  1961;  Mclntyre. 
1974;  and  others  too  numerous  to  catalogue). 

Scientitlc  studies  of  cetaceans  in  their 
environment  are  far  fewer  than  are  the  general 
accounts  mentioned  above.  One  ongoing  series 
of  field  studies  with  Orcinus  area  points  in  the 
required  direction:  Spong,  1974;  Spong, 
Bradford  and  White,  1970;  Spong,  Michaels 
and  Spong.  1971,  ha\e  been  studying  pods 
of  killer  whales  in  the  Johnstone  Straits  area 
of  British  Columbia  annually.  They  have  ob- 
served tills  species  of  whale  in  tlwir  natural 
habitat  and  have  monitored  their  behaviour 
and  begun  experimental  studies  on  communi- 
cation with  them,  using  Uve  music  and  acous- 
tic synthesizers.  Similarly,  Bott  has  docu- 
mented with  film  an  interchange  between  the 
killer  whale  and  a  music  synthesizer.  These 
studies,  albeit  introductoiy  in  nature,  dem- 
(mstrate  that  meaningful  exchange  can  take 
place  beiNKccn  man  and  cetacean,  in  the  wild, 
in  an  atmosphere  of  mutual  acceptance  and 
cooperation. 


Sound  communication 


Given  that  some  recent  work  has  been 
.Started  on  interspecies  communication,  we  may 
ask  whether  there  is  a  sufllcienl  basis  of 
fact  concerning  the  vocalization  abilities  of 
cetaceans.  There  is.  Marshall  (1974)  has  sum- 
marized the  types  of  sounds  that  cetaceans 
have  evolved.  There  are  basically  two  modes 
of  voice,  one  used  for  navigation  and  one  for  125 
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s<icial  intercourse.  The  navigation  sound 
emittance  is  in  the  form  of"  "clicks"  which  are 
pulsed  and  may  reach  frequenoes  of  over  100 
kHz.  These  edio-locating  ngnals  are  used  fbr 
finding  objects  (e.g..  terrain  and  food),  scan- 
ning them  for  detail,  and  are  most  likelv  the 
vocal  mode  used  lo  calculate  distance  and 
Speed.  The  sounds  used  for  social  oommuni- 
cation  arc  in  lower  frequencies  -  the  sonic 
range  that  man  can  hear.  These  are  dcscnbed 
as  "squeaks",  "squawks",  "barks"  or  "grunts" 
and  ate  diought  to  be  used  in  self-expression. 
Pure-tone  "whistles"  are  also  emitted  in  the 
form  of  "trills",  "arpeggios",  "glissandos"  and 
so  forth.  These  latter  vocalizations  are  species 
spedfic  and  mdividuaL  That  the  navicationa] 
clicks  and  the  whistle  signatures  can  be  gen- 
erated individually  or  simultaneously  points  to 
the  sophistication  of  their  sound  control  sys- 
tem. Of  further  interest  is  that  it  has  been 
shown  in  studies  on  the  spectral  analysis  of  the 
killer  whale  that  .sex  differences  can  be  deter- 
mined from  the  sonograms  of  their  emitted 
signals  (Singleton  and  Pbuher,  1967;  Fruiter, 

In  summary,  the  physical  and  to  some 
extent  the  behavioural  aspects  of  cetacean  vo- 
calization are  well  documented  (e.g..  Caldwell, 
(  aklwcll  and  Hall,  1973;  Evan.s.  1973;  Lilly, 
1968).  Clearly,  the  perceptual  world  of  ceta- 
ceans is  dominated  by  soiuid. 


The  MTVous  system 


The  perceived  status  of  the  central  ner- 
vous system  of  the  cetacean  has  increased  in 
recent  years,  in  parallel  with  the  interest  in 
their  behaviour  and  other  modes  of  commu- 
nication. Although  the  gross  morphological 
features  of  the  cetacean  brain  were  known  at 
the  turn  of  the  oentuiy»  the  first  modem  com- 
prehensive review  including  histological  de- 
tails did  not  appear  until  1960.  Breathnach 
(1960)  catalogued  the  ^neral  size  refaition- 
sh^  of  the  gross  brain»  the  cranial  nerves,  the 


spinal  cord,  the  cerebellum,  the  inferior  olive, 
the  dicncephalon  and  the  cerebral  hemi- 
spheres. He  points  specifically  to  (i)  the  absence 
of  tiie  olfactofy  nerves  and  rdaled  structures; 

(ii)  the  large  auditory  nerve  and  its  end  stations; 

(iii)  the  apparent  reduced  cutaneous  sensor>' 
pathways,  and  (iv  )  die  most  striking  character- 
istic, the  high  degree  (tf  forebram  devek>p* 
mcnt,  marked  particularly  by  the  expansive 
convoluted  cerebral  cortex.  There  has  been 
some  dispute  in  the  past  as  lo  whether  the  ce- 
rebral cortical  mantle  of  cetaceans  is  as  fully 
differentiated  as  in  primates.  However,  the  view 
now  is  that  the  neocortex  is  indeed  well  dif- 
ferentiated and  shows  regional  dilfereiices  thai 
are  similar  to  those  in  the  cortex  of  man. 

It  is  the  voluminous  cerebral  cortex  that 
has  stimulated  man's  inquisiliveness  as  to  the 
function  of  the  cetacean  brain.  In  his  study  of 
the  dolphin  thalamus,  Kruger  (19S9)  discusses 
the  view  that  thalamic  development  deter- 
mines the  organization  of  the  cerebral  cortex 
(Rose  and  Woolscy,  1949).  Part  of  the  argument 
states  that  an  outstanding  feature  of  phyloge- 
netic  development  is  the  expansion  of  cortex 
thai  receives  projections  from  "intrinsic"  thala- 
mic nuclei.  The  dolphin  thalamus  studied  by 
Kruger  illustrates  this.  That  is,  it  has  a  relatively 
large  amount  of  intrinsic  nucleic  formations.  In 
man  the  mtrinsic  nuclei  along  with  their  re- 
spective interconnected  cortices  are  thought  to 
be  involved  in  such  "higher"  central  nervous 
system  functions  as  language  thought  and 
intelhgence. 

What  then  does  the  cetacean  cerebral 
cortex  do?  Very  little  is  known  but  the  remark- 
able folding  of  the  cortex  with  its  attendant 
increased  volume  of  nerve  cells  presents  a 
morphological  base  to  which  serious  attention 
may  be  given  as  to  its  function.  To  begin  with« 
because  of  the  cetaceans'  particularly  well  de- 
veloped auditoi^  nerse,  their  echo-location 
abihtics  and  thev  highly  individualized  vocal- 
izations, attention  has  been  focused  on  their 
auditory  system.  Bullock  and  Ridgway  (1972) 
recorded  from  the  midbrain,  from  an  auditoiy 
centre  in  the  brain  stem,  and  from  several  cor- 
tical sites  in  unanaesthetized,  unrestrained  dd- 
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phins.  Their  data  have  led  them  to  suggest  that 
high  frequency  ultrasonic  tones  may  be  ana- 
lysed at  uie  midbrain  level  while  the  lower  fre- 
quency sounds,  the  whistles,  are  analysed  at  the 
cortical  level.  This  is  of  considerable  import- 
ance since  the  whistle  frequency  range  of  sound 
is  thought  to  convey  information  relevant  to 
social  transactions. 

Other  studies  arc  beginning  to  shed  some 
light  on  the  primary  motor  and  sensor)'  repre- 
sentations at  the  cortex  (Lendc  and  Akdikman, 
1968;  Lendc  and  Walker,  1972).  It  would  ap- 
pear to  date  (hat  only  a  relatively  small  portion 
ol  the  cortex  is  marked  out  primarily  for  motor 
or  sensory  functions.  This  leaves  a  vast  expanse 
of  oortical region, comparable  to  the  association 
cortex  seen  in  man,  which  deals  with  the 
so-called  higher  central  nervous  system  func- 
tions. 

Whereas  most  experimental  attention 
has  been  directed  to  various  aspects  of  the 
auditory  system,  it  has  recently  been  found 
that  the  visual  system  of  some  cetaceans  is  not 
as  poor  as  the  earlier  literature  indicated. 
Spong  and  White  (1971)  and  White  et  al. 
(1971)  have  concluded  that  the  orca  has  a  vi- 
sual acuity  under  water  that  is  roughly  com- 
parable to  that  of  a  cat  in  air.  Others  have  also 
indicated  that  the  bottlenose  dolphin  can  see 
relatively  well  in  air  (Pepper  and  Simmons, 
1973;  DavkTson,  Biradorf  and  Perez,  1972).  The 
retina  has  been  examiiied  histologically  1^ 
Perez,  Dawson  and  Landau  (1972)  who  con- 
clude that  the  dolphin  retinal  elements  are 
comparable  to  those  of  most  mammals,  are 


suitable  for  visual  acuity  and  may  be  able  to 
detect  colour.  No  studies  have  as  yet  been  ear- 
ned out  on  the  cortical  representation  of  vision 
but  it  would  be  veiy  surprising  if  it  did  not 
occur.  Kellog  and  Rice  (1966)  have  shown  that 
dolphins  can  solve  problems,  using  visual  dis- 
crimination. It  would  seem  unlikely  that  dol- 
phins can  do  so  without  Visual  representation  at 
the  cortex. 

In  summar)',  we  can  conclude  that  the 
cetacean  cerebral  cortex  receives  and  uiie- 
grates  auditoiy,  and  possibly  visual,  but  not 
olfactorv  input,  since  there  arc  no  olfactory 
ner\es.  Cutaneous  and  proprioceptive  sensi- 
bilities are  thought  to  be  present  though 
somewhat  reduced  (Jansen  and  Jansen,  1969). 
In  view  of  the  interpretation  that  sharks'  furore 
behax  iour  in  the  presence  of  blood  is  related  to 
the  ccntralU)  of  olfaction  in  their  brain  devel- 
opmoit,  one  can  ask  whether  the  dolphins* 
peaceful  nature  is  related  to  the  absence  of  ol- 
factor>  nerves.  On  the  basis  of  cytoarchitcctural 
studies  of  the  cetacean  brain,  Jacobs  (1974) 
and  Morgane  (1974)  have  been  led  to  propose 
that  these  animals  have  a  brain  substrate  cap- 
able of  a  high  degree  of  oortical  activity,  which 
could  possibly  express  itself  as  "intelligence". 
On  evolutionary  grounds,  Bunnell  (1974)  pro- 
poses that  the  expanded  neocortical  areas 
a)uld  be  used  to  orient  the  cetaceans  toward 

{)erceptions  and  inter-  and  intra-personal  rc- 
ationships,  in  contrast  to  the  human  brain 
which  expresses  itself  in  inter-  and  intra-per- 
sonal relationships  and  in  external  action  on 
the  environment. 
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BIOCHEMICAL  GENFTIC  STUDIES,  THEIR  VALUE 

AND  LIMITATIONS  IN  STOCK  IDENTIFICATION 

AND  DISCRIMINATION  OF  PELAGIC  MAMMAL  SPECIES 

G.D.  Sharp 


Biochemical  penetic  studies,  using  chi-sqiiarc  ';tati*.tic;i!  analyses,  are  probably  more 
useful  to  identity  dilTerences  between  species  than  those  between  sub-specific  groups.  The 
latter  require  very  large,  homogeneous  samples,  often  difficult  or  impossible  to  obtain,  to 
produce  valid  anal',  m  v  Sexual  behaviour  can  alTcct  homogcncitv  of  characters  and  distribu- 
tion patterns  can  sometimes  be  difficult  to  identify  and  so  confuse  sampling.  It  is  possible  to 
derive  befoiehand,  from  statistical  thcor\ ,  the  opdmum  sample  size,  dctcnnincd  in  part  by  the 
degree  of  rigour  desired.  It  will  be  rare  that  precise  sampling  of  marine  mammal  populations 
is  possible. 

Les  Eludes  gcn(^tiques  biochimiques  utilisant  des  analyses  statistiques  du  chi  cani  sont 
pirobablemcnt  plus  utiles  pour  identifier  les  differences  entre  les  esp6ces  qu'entre  lesgroupes 
(if  sovis-cspcccs.  Dans  cc  dernier  cas.  il  faut  iles  cchaniillons  ires  vavtcs;  el  homogenes.  wnivent 
diKicilcs  uu  impoSiiblcb  a  obtcnir.  pour  pri>duiic  dc>  anaisscs  valables.  Le  coniporicnient 
scxuel  pcut  alTcctcr  Thomogcncilc  des  caractcrcs  et  les  modes  de  distribution  pcuvcnt  parfois 
etre  difficiles  a  identifier,  ce  qui  perturbe  rechantillonnage.  II  est  possible  d'obtenir  au 
prealable,  a  partir  de  ia  throne  siatisiiquc,  lu  laillc  opiimalc  de  I'^chantillon.  dciermin^e  en 
paitie  par  le  degii  de  rigueur  nsquis.  n  est  rare  qu*im  tehantillonnage  pr6cis  des  populations 
de  mammifttcs  marins  soit  possible. 

Extracto 

Probublemente  ios  estudios  gen^ticos-bioquimicos.  utilizando  unulisis  esladisiicos.  son 
mis  Atiles  para  tndividnar  las  diferendas  entre  especies  que  las  diferencias  entiL  Liiupos 
subcspecifici's.  fn  cslc  ultimo  caso.  para  ohlcner  analisis  ^  \on  necesarias  muestras 

homog^neas  muy  grandes.  que  a  menudo  es  dificil  o  imposible  obtener.  Ei  comportamiento 
sexual  puede  afectar  a  hi  homogeneidad  de  los  caracteres,  y  hi  estructuni  de  distribuci6n 
pucdc  rcsultar  a  vcccs  dificil  dc  individuar  y,  por  tanlo,  crcar  confusion  cn  cl  mucstrco.  Fs 
posible  obtener  de  aniemano,  a  partir  de  la  teoria  estadistica,  el  volumen  optimo  de  la 
muestra,  determmado  cn  pane  por  el  grado  de  exactitud  deseado.  S6lo  en  raras  ocasiones  seiA 
posible  tm  muestreo  piedso  de  las  poblaciones  de  mamiferos  marinos. 

G.D.  Sharp 

Fishery  Resources  Officer,  Fishery  Resources  and  Environment  Division,  Fisheries  Department, 
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Ardent  use  of  biochemical  techniques 
over  the  last  20  years,  particulari)'  gel  electro- 
phoresis, has  providea  omuive  ixwimiatioii 
about  the  species  relationships  and  sub- 
specific  structure  of  many  taxonomic  groups. 
Biochemical  genetic  data  are  such  that  when 
distinct  differences  occur,  little  needs  to  be 
done  other  than  write  up  the  ''obvious"  di- 
stinction(s)  between  contrasted  materials  and 
defme  "groups".  The  typical  picture  is  one 
where  the  farther  apart  taxonomically  two 
species  are,  the  less  likdy  th^  are  to  share  any 
electrophorelic  characters,  and  vice  versa.  The 
lower  limit  to  this  process  is  one  where  species 
Gomparisons  show  no  dectiqphoretic  distinc- 
tions other  than  frequenqr  differences  he 
tween  alleles  ofenzymatic  systems.  At  this  level, 
taxonomy  is  in  constant  tlux,  in  that  these  re- 
lationships have  been  tiaditioiially  considered 
to  be  sub-specific  in  nature*  resulting  in  such 
labels  as  sibling  species,  sub-population  or 
race,  and  deme.  Labellmg  depends  upon  the 
particular  ^des  group  and  information 
available  to  mvestigators  concerning  the  etho- 
logical  and  geographical  structure  of  the  po- 
pulations and  samples  which  were  used  to 
evaluate  the  relationships. 

Of  particular  historical  interest  is  the  fact 
that  virtually  all  sub-specific  studies  in  which 
biochemical  polymorphisms  have  been  used  to 
characterize  gen^kadly  distinctive  groups 
have  been  carried  out  on  relatively  immobile 
terrestrial  species.  F'ew  studies  of  migratory 
birds,  lishcs  or  mannc  manimahi  have  suc- 
cessfully described  snb-spedfic  structure  uang 
only  biochemical  techniques.  This  is  primarily 
because  of  the  requirements  for  risonuis  statis- 
tical cvaiuaiion  ol  Ircuuency  data,  i he  prob- 
lem is  directiy  rdated  to  statirtical  methods 
appropriate  to  evaluation  of  frequency  or 
classification  data,  and  to  the  relative  homo- 
geneity of  the  study  species  (Sharp,  1972). 

Early  work  using  serology  for  discrimi- 
nation  of  marine  mammal  populations  was 
generally  inelTective  for  any  but  broad-scale 
ocean>to-ocean  or  hcaoBiqpharic  comparisons, 
again  primarily 'because  of  the  non-parametric 
132    nature  of  data  where  each  individual  sample 


generates  only  1  count.  Evaluation  of  biochem- 
ical genetic  data  in  diploid  organisms  results 
in  an  accountability  ior  eadi  of  2  genes  per 
locus,  which  doubles  the  information  per 
individual  as  compared  to  serological  data. 
The  few  reported  studies  of  mobile  marine 
populations  which  appear  to  exhibit  distin- 
guishing features  (phenotype  frequency  and 
gene  frequency  distributional  differences) 
have  been  based  on  small  samplet  replUaie 
sampling  techniques.  In  these  stiuiies,  a  j-stage 
(inmvidual/lots/repUcates)  sampling  model 
was  used  as  opposed  to  a  2-stage  model  findi- 
viduals/aggregalions).  A  limitation  imposed 
by  the  3-stage  model  is  diat  one  must  assume 
something  about  the  relationship  of  the  repli- 
cates in  order  to  interpret  the  data.  This  meth- 
od may  not  be  appropriate  unless  stringent 
criteria  are  met  The  primary  criterion  is  an 
interesting  dichotomy  in  that  one  must  assume 
homogeneity  of  samples  with  respect  to  gene- 
tic characteristics.  This  is  really  what  one  is 
Sttf^osed  to  be  evaluating  in  the  rigorous  ex- 
penmental  design  and  seems  an  illogical  a 
jaiori  assumption.  Some  workers  attempt  to 
^et  around  this  problem  semanticali} ,  by  def- 
mitions  of  stodc  or  race  or  sub-population 
which  involve  the  sampling  area,  rather  than 
species  and  hypothetical  sub-specific  distribu- 
tions. Indeed,  a  large  part  of  the  taxonomic 
disarray  at  present  is  caused  by  similar  logical 
confusion  where  geographical  .sampling  has 
become  relatively  continuous  over  lime  and 
where  the  original  descriptions  of  "species'* 
tended  to  be  rather  patchy  in  a  geographical 
context.  The  resulting  increase  in  morpho- 
logical variation  with  respect  to  area  as  com  par- 
ed to  the  rather  sharp  breaks  between  areal 
'iypes'*  in  the  historical  data  has  caused  a 
trend  toward  reduction  of  the  number  of  ac- 
cepted species,  often  blurring  obvious 
sub-specific  information. 

In  two  separate  studies  of  small  cetacean 
populations  in  the  eastern  Pacific  Ocean,  with 
which  I  am  familiar  (Perrin,  1975;  Evans, 
1975 ),  racial  duuracterizatioas  have  been  made 
using  multivariate  statistbal  analyses  of  skuU 
morphometries,  non-parametric  examination 
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of  colour  patterns  and  geographic  stratifica- 
tion. These  two  data  sets  were  sufficient  for 
rigorous  statistical  characterization  of  the 
sub-specific  groups  for  the  species  and  com- 
ponents examined.  In  none  of  the  cases  was 
the  sample  size  large  enough  to  be  useful  for 
rigorous  biochemical  characterization  of  these 
groups  (unless  great  differences  exist).  In  an 
exploratory  assay  of  red  blood  cell  and  serum 
proteins,  it  was  impossible  to  distinguish  be- 
tween all  but  one  of  the  racial  groups  of  Ste- 
nella  species  for  which  materials  were  avail- 
able, or  in  some  instances  the  two  eastern  Pa- 
cific species.  In  some  characters  (haemoglo- 
bins and  lactate  dehydrogenases),  no  distinc- 
tion between  several  Sienella  races,  Delphinus, 
Steno,  Orcinus  or  Tursiops  from  the  eastern 
Pacific  could  be  found  using  various  starch  gel 
electrophoresis  techniques  (Figs.  I  and  2).  The 
non-Stenella  species  listed  could,  however,  be 
distinguished  from  electrophoretic  data  using 
other  enzvmatic  material.  Glutamate  oxaloa- 
cetate  transaminase  (GOT),  tetrazolium  oxi- 
dase, and  a  serum  globin  observed  by 
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Fig.  I.  -  I  he  ciccirophorciic  pui(crn!>  ol  (he  scrum  lacuic 
dehydrogenase  of  9  species  of  odontocete  cetaceans  indicate  a 
remarkable  conservatism  as  evidenced  by  their  similarity.  The 
only  distinguishable  pattern  is  that  of  Feresa  attenuala.  a  spe- 
cies known  to  differ  {"rom  most  of  the  others  by  having  fewer 
chromosomes  (Duffield.  pers.  comm.).  The  samples  in  order 
from  left  to  right  are:  Sreno  hreJanensis,  Globicephalus  sp.. 
Feresa  attenuala.  Orcinus  on  a,  Tursiops  iruncatus.  Lageno- 
rhynchus  tMiquiJens,  Tursiops  gilli  ( Hawaii ),  Tursiops  trunca- 
tus,  Tursiops  gilli  (Baja  California),  Lagenorhyrtchus  ohliqui- 
dens.  Steno  hredanensis  (mother).  Steno  X  Tursiops  (hybrid) 
and  Tursiops  truncalus. 


Ki(i.  2.  -  I  he  elcciri>phoreiic  patterns  of  haemoglobms  and 
unidentified  globins  from  blood  preparations  of  13  odonto- 
cete cetaceans.  ITie  haemoglobins  are  the  broad  dark  band 
near  the  bottom  of  the  figure,  the  globins  the  more  aincise 
bands  near  the  top.  The  samples  from  left  to  right  are:  Orcinus 
on  a.  Steno  hredanensis,  Delphinus  delphis  (Costa  Rica).  Glo- 
hicephalus  sp..  Lagenorhvnchus  ohiiquidens.  Lissodelphis  bo- 
rt-dlis.  Tursiops  ^illi  (Hawaii).  Sienella  attenuala.  Sienella 
iongirosiris  (eastern  spinner).  Feresa  attenuala,  Tursiops  trun- 
calus, Tursiops  X  Steno  (hybrid)  and  Steno  hredanensis  (mo- 
ther). Note  particularly  the  obvious  additive  nature  of  the 
hybrid's  pattern  with  respect  to  the  parent  species  patterns. 
The  physical  oxygen  binding  dynamics  of  the  haemoglobins 
of  .several  of  these  species  and  their  electrophoretic  similarities 
have  been  described  elsewhere  (Sharp.  1975). 

non-specific  protein  staining  were  adequate 
for  discrimination  of  these  species.  A  general 
paucity  of  biochemical  polymorphisms  as 
compared  to  those  reported  in  terrestrial  spe- 
cies is  observed  in  the  blood  proteins  of  the 
delphinid  cetaceans.  An  interesting  example 
of  hybridization  can  be  verified  from  Figs.  2 
and  3.  A  Steno  mother  and  a  hybrid  calf  with  a 
proposed  Tursiops  truncalus  father  are  com- 
pared and  the  calf  is  obviously  the  biochemical 
hybrid  of  the  two  parent  species. 

Sub-specific  comparisons  using  biochem- 
ical genetic  data  are  extremely  dependent 
upon  obtaining  large  samples  from  known, 
homogeneous  components,  and  on  the  pres- 
ence of  polymorphisms.  The  social  behaviour 
of  sub-specific  components  of  some  species 
may  serioasly  affect  results  of  samphng  from 
these  species.  For  example,  the  occurrence  of 
polygyny  or  dominance  in  .sexual  behaviour 
can  affect  phenotype  distributions  dramati-  133 
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KiG.  3.  The  cicclrophorctic  paiicrns  of  13  odonUKCle  ccla- 
cciin's  (ctra/dliiim  oxidase  indieaic  Kiih  similariiies  and  gross 
dissimilarities  among  the  species  represented.  The  order  of 
samples,  from  left  to  right,  is  the  s^e  as  in  Fig.  2.  Note  again 
the  hybrid's  characteristic  additive  pattern  with  respect  to  the 
parental  types. 

cally  by  increasing  occurrence  of  one  allele  in 
small  deme-like  components  and  can  generate 
phenotype  distributions  which  appear  to  be  in 
disequilibrium  with  respect  to  random  mating 
Hardy-Weinberg  equilibrium  expectations. 
The  problem  of  sample  homogeneity  is  one 
which  needs  to  be  examined  carefully  in  all 
aspects  of  population  differentiation  and  re- 
quires careful  logical  sampling  design. 

Examples  of  "superherds"  that  are  het- 
erogeneous as  to  race  and  species  are  com- 
monly observed  in  the  small  cetaceans  in  the 
eastern  Pacific.  These  race  and  species  aggre- 
gations occur  in  what  appear  to  be  environ- 
mentally controlled  distributions  which,  like 
the  weather  which  governs  them,  are  unpre- 
dictable. Overlay  this  effect  with  seasonal 
migration  behaviour  and  serious  problems 
arise  in  defining  geographically  rigid  distribu- 
tion patterns.  All  of  this  leads  to  serious  prob- 
lems of  resampling  and  characterizing 
sub-specific  components  with  transient  distri- 
butional characteristics. 

These  problems  are  typical  of  the  large 
mobile  pelagic  species,  fish  and  mammals 
alike,  and  as  such  require  a  rigorousness  in 
sampling  which  is  often  difTicult  or  impossible 
134     to  attain.  For  example,  a  relative  merit  of  ap- 


plying biochemical  genetic  techniques  to  stu- 
dies of  population  .structure  in  marine  mam- 
mals is  that  when  comparing  species  it  is  often 
possible  to  compare  the  individual  species 
from  materials  which  do  not  require  difficult 
preparations  such  as  flensing,  bone  cleaning  or 
morphometries.  The  problems  of  using  bio- 
chemical techniques  for  sub-specific  evalua- 
tions are  the  sheer  numerical  requirements  for 
the  discrimination  of  genetically  di.stinct  com- 
ponents. In  such  analyses,  we  arc  testing  the 
null  hypothesis  that  the  frequency  of  a  partic- 
ular allele  in  one  sample  (P,)  is  different  from 
that  in  another  (P,)  and  we  state  the  following: 

H«:P.  =  P: 

where  the  alternative  hypothesis  is: 
H,  :  P.  P, 

Rigorous  evaluation  of  these  hypotheses  ne- 
cessitates that  one  decides  with  some  certainty 
whether  or  not  the  hypothesis  (H^)  has  truly 
been  tested.  In  statistical  terms,  for  a  rigorous 
test  you  need  to  minimize  the  probability  of 
having  made  a  type  II  error  (ft)  subject  to  a 
fixed  low  probability  of  making  a  type  I  error 
(a).  Biochemical  data  (serology  or  electro- 
phoresis) are  classification  or  non-parametric 
data  and  the  statistic  of  choice  is  chi-square 
(xO  or  its  approximation  (G  test). 

From  statistical  theory  it  is  possible  to 
derive  optimum  sample  .size  requirements  for 
discrimination  between  components  based  on: 

—  the  minimum  difTerence  (A)  one  is  will- 
ing to  accept  as  being  significant  be- 
tween 2  populations  (P,  -  P,  =  A); 

—  the  significance  level  (a)  for  rejection  of 
H„; 

-  the  power  of  the  (1  -  ft): 

-  the  expected  range  of  values  for  P. 

Most  studies  concern  themselves  only 
with  a  and  some  nebulous  A  which  turns  out  to 
be  directly  related  to  the  size  of  samples  on 
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hand,  rather  than  having  been  decided  a  priori. 
Sample  size  optimization  should  be  examined 

before  sampling  is  initiated  so  as  to  evolve 
rapidly  a  rigorous  sampling  methodology,  as 
sampling  is  expensive,  time-  and  energy-con- 
suming and  opportunities  are  often  transit. 

Where  the  decision  for  equal  sample  size 
is  made,  n,  -  and  n,  +  n,  =  N,  so  discri- 
mination between  2  samples  with  unique  re- 
lative frequency  values,  P,  and  P,,  for  the 
major  allele  is  dependent  upon  the  range  of 
the  relative  frequency  (?)  and  the  magnitude 
of  the  diiTerence  between  the  2  P  vmues,  L. 
The  optimum  sample  size  for  discriminatuig 
differences  of  magnitude  A  is  determined  by 
the  rigour  desired,  and  is  accomplished  by 
setting  the  a  and  /9  error  at  predetermined  le- 
vels. The  (a)  significance  level  is  generally  set 
by  tradition  {a  =  .05)  and  the  other  is  set  by 
the  need  to  know  if  P,  =  Pj  (e.g.,  budget). 

From  Chapman  and  Nam  (1968)  and 
Meng  and  Chapman  (1966)  sample  size  can  be 
estimated  from  the  relation 


A'n,  nj 


P(l  -  P)N 


(1) 


where  for  the  case  of  equal  sample  sizes  this 
simplifies  to 


A  = 


A-N 


4(P)(1  -P) 


a) 


where  A  is  the  non-centrality  parameter  lor  the 
ncm-central  chi-square  distribution  and  can  be 
fomid  in  collections  of  statistical  tables  (Am- 
bramowitz  and  Stegun,  1964)  and  N  is  the 
number  of  genes  to  be  sampled.  Several  mini- 
mum sampfe  size  criteria  must  be  met  to  satis^r 
the  statistical  requirements  for  unbiased  anal- 
yses utilizing  chi-square  methods  or  the  ap- 
proximations to  these  methods.  A  limiting 
factor  is  that  for  valid  chi-square  tests  the 
classes  of  expected  frequencies  should  have  5 
or  more  events  ui  them  and  this  limitation  can 
be  calculated  by  the  rciaiion 

for  P  >  .50 


From  equation  (2)  and  a  table  of  critical 

values  of  the  non-central  chi^uare  distribu- 
tion (X).  values  of  sample  sizes  can  be  calcu- 
lated which  show  the  effects  of  vaiying  A,  P  and 
the  1  -  j9  (Power),  for  fixed  a  =  .05,  on  the 
determinatioa  of  the  optimum  sampling  for 
these  various  characteristics  and  limitations  In 
the  biochemical  genetic  studies  N,  =  indivi- 

N 

duals  per  sample  *  -^then,  the  relations  for 
determining  the  sample  size  is 

,  (P)(l  -  P)(X) 


(3) 


The  P  value  used  in  this  equation  is  best  con- 
sidered to  be  that  P  appropriate  to  the  largest 
sample  examined  to  date  or,  conservatively, 
.55  where  no  prior  information  exists. 

The  following  tabled  values  are  the 
number  of  individuals  per  sample  which 
would  permit  the  differenUaiion  of  2  popula- 
tions with  the  difTtnenoes  of  the  magnitude  L 
for  the  frequencies  listed  (P)  at  a  =  .05  and  the 
appropriate  power  level.  The  investigation  of 
more  than  one  genetic  system  for  discrimina- 
tion of  samples  imposes  even  more  stringoit 
sample  size  requirements  due  to  the  increasing 
probahilitv  of  making  decision  errors  with 
each  additional  analysis.  These  problems  are 
further  explored  in  Sharp,  Mobiand  and 
Francis  (MS). 
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mined  from  the  nuDimam  frequency  leqinTemenls  previous^ 

discussed. 


135 


Copy  righted  material 


OJD.  SHARP 


Only  rarely  will  marine  mammal  re- 
searchers  be  afforded  the  opportunities  to 
sample  "rigorously"  for  population  discrimi- 
naiion  from  a  serological  or  biochemical  ge- 
netic point  of  view.  Species  level  discrimina- 
tion can  be  accomplished  from  relatively  lim- 
ited sample  sizes,  but  20  or  more  individuals 
should  be  examined  for  contrasting  species 
and  for  evaluation  of  polymorphisms  within 
and  among  specks. 


Better  methods  for  population  discrimi- 
nation in  marine  mammals  utilizing  smaller 

samples  arc  exemplified  bv  the  studies  of  cast- 
em  Pacific  Srenella  and  Delphinus  species 
(Perrin,  1975;  Evans,  1975).  My  impression  is 
that  biochemical  and  serological  techniques 
and  their  sampling  requirements  lend  them- 
selves better  to  species  identification  problems 
than  to  sub-specific  studies  in  studies  of  pela- 
gic marine  mammals. 
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A  CENSUS  OF  CAPTIVE  MARINE  MAMMALS 
IN  NORTH  AMERICA 


UH.  Cornell  and  EJ>.  Asp£R 


AttUuet 

A  census  of  marine  mammals  in  193  institutions  in  Canada  and  the  United  States  made 
irom  1  July  to  20  August  1976  showed  1  I3S  animals  in  captivity,  301  in  69  zck^s  and  834  in  28 
(X'eanaria  and  aquaria.  Of  these,  755  were  pinnipctis  (of  which  about  half  were  Cahfornia  sea 
hons.  Zahphus  talifornianus).  359  smaller  cetaceans  (mostly  bottlenose  dolphins,  lurstops 
iruncaius).  12  manatees.  Trichechm  spp..  and  9  sea  otters.  Enhydra  lutris.  Nine  hundred  and 
eighty-eight  were  eollecteJ  specificall\  for  displav  and  related  research,  most  ofihtT'.  hrfort- 
the  passage  of  the  Manne  Mammal  Protection  Act  of  1972  (MMPA)  in  the  United  Slates,  and 
147  were  animals  stranded  and  later  salvaged.  The  average  longevities,  by  species,  of  animals 
acquired  before  the  MMPA  and  of  all  animals  now  in  captivity,  are  given. 

More  than  I3U  million  people  viewed  captive  marine  mammals  in  1975,  and  each  year 
about  one  million  students  take  part  in  educational  prognunmes  that  use  captive  animals. 
Four  thousand  people  were  employed  in  1975  by  the  28  oceanaria  and  aquaria;  lUiring  the 
same  year.  Sea  World  in  San  Diego.  California,  and  the  occanana  and  aquaria  in  Florida 
provided  about  USS  2S  million  and  USS  22S  milfion.  respectively,  in  revenue  to  their  com- 
munities (after  application  of  the  US  economic  dollar  multiplier  and  including'  taxiitu  n ), 
Research  on  captive  mannc  mammals  has  provided  much  information  relevant  to  animals  in 
the  wild.  Captive  breeding  programmes  are  still  in  an  early  stage:  data  on  14  species  shows  S8 
animals  alive  out  of  228  births.  Canada.  Mexico  and  the  United  States  have  strict  controls  on 
collection  of  marine  mammals.  Of  the  191  permits  applied  for  in  the  United  States  since  1972 
for  the  collection  of  marine  mammals.  107  hav^  been  fbr  the  capture  of 757  anhnals  for  public 
educational  display;  71  of  these  applications  have  been  for  the  capture  of  757  animals  for 
public  educational  display;  71  of  these  applications  have  been  granted,  comprising  357 
animals  or  0.7  percent  of  all  animals  for  which  permits  have  been  issued. 


Un  recensement  effeciue  du  I"  juillet  au  20  aofit  1976,  portant  sur  les  mammif&res 

marins  do  193  insiitutions  du  Canada  cl  dcs  Elats-L'nis,  a  r^v^l^  I  135  aniniaux  en  captivii<5. 

301  dans  69  zoos  et  834  dans  28  oc^anoriums  et  aquariums.  Sur  ce  nombre,  755  etaient  dcs 
pfainipides  (dont  la  moiti^  environ  6taient  des  lions  de  mer  de  la  Catifomie,  Zahphus 
nilif/irnianuK).  .359  des  petiLs  cdtac^s  (surtout  des  dauphins  a  gros  bee.  lursinps  tnincaius).  12 
des  lamanlins,  frichechus  spp.  et  9  loutrcs  de  mer,  Enhydra  lutris.  Neuf  cent  quatre-vmgl 
dix<hutt  Aaienl  rassemblte  ipteifiquemeni  aux  fins  d'expoaition  e(  de  Rcheicbe,  b  plnpnit 
avant  I'adoption  de  la  loi  sur  la  protection  des  mammifSres  marins  de  1972  (MMPA)  aux 
EiatS'Unis  et  147  (Etaient  dcs  animaux  jet^  k  la  o6te  et  sauv^s  par  la  suite.  On  donne  la 
loiig^i  moyenne,  par  esptoe,  des  aninuux  acquis  avant  la  MMPA  et  de  tous  ks  animaux  i 
present  en  captivity.  137 
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Plusde  130  millions  de  personnes  ont  \  ii  des  n;;)ni  mi  feres  marins  en  captivitd  cn  1975  et 
chaque  annte,  environ  lui  miliiun  d'^tudianu>  participent  aux  programmes  didactiques 
atOisant  des  animaiix  en  caplivitf.  Quatre  miUe  personnes  ^ient  employ^  en  1975  dans  les 
28  ocianoriums  el  aquariums:  cette  mSme  annde,  "Sea  Wdrld"  a  San  Diego  rnlilV  rnie.  et  les 
oc^anoriums  et  aquariums  de  Floride  ont  foumi  des  revenus  s  elevant  respeciivemenl  k  25 
millions  et  225  millions  de  dollais  E.U.  k  leur  oommnnaut^  (aprte  application  du  multiplica- 
Icur  t^conomiquc  R  I '..  impnr';  cdinpris).  La  recherche  sur  les  mamniift^rcs  marins  cn  captivite 
a  foumi  de  nombreu&es  inlormations  applicables  aux  animaux  en  liberie.  Les  programmes  de 
reproduction  en  captivity  n*en  sont  qu'k  leun  debuts:  les  donn£es  relatives  k  14  esp&ces  font 
that  Jc  58  animaux  vivanis  sur  228  naissanccs.  Le  Canada,  Ic  Vicxiquc  el  les  F.tals-Unis  ont 
eiabii  un  strict  controle  sur  les  collections  de  mammiferes  marins.  Sur  191  demandes  de 
permis  diposfes  aox  Etats-Utus  deputs  1972  povr  la  capttire  de  mammiflh'es  marins,  107 
portaient  sur  la  capture  de  757  animaux  destines  a  etre  exposes  au  public  dans  des  buts 
didactiques:  7 1  ont  iii  accordis,  portant  sur  337  animaux,  soil  0,7  pour  cent  du  ncnnbre  total 
d'animaux  pour  lesquek  des  permis  ont  et£  accordes. 

Extntcto 

Un  censo  de  los  mamiferos  marines  existenles  en  193  instituciones  de  Canada  y  los 
Fstados  I  'nidr^  liecho  desde  el  1"  de  julio  al  20  de  agosto  dc  1976  rcvelo  la  prescncia  de  I  135 
aninialcs  cn  cautividad:  301  en  69  parques  zool6gicos  y  \i34  cn  28  oceanariosy  acuarios.  De 
ellos,  755  eran  pinipedos  (la  mttad,  aproximadamenie,  leones  marines  de  Califomia,  Zahp- 
hus  calif'>rnian!is).  359  cetaceos  menores  fla  mayoria  tursones,  Ttiniops  iruncalus).  12  ma- 
naiies  Unchechus  spp.)  y  9  nulrias  mannas  {.Lnhydra  luiris).  De  esos  animates,  988  se  habian 
recogido  e^Mdficainente  pai*  expoaici6ii  e  investigactones,  la  mayoila  de  dlos  antes  de  la 
aprobacidn  de  la  Ley  de  Proteccion  de  los  Mamiferos  Marines  de  1972  en  los  Estados  Unidos. 
y  147  eran  animates  que  habian  quedado  encallados  y  habian  sido  salvados.  Se  da  la  longe- 
vidad  media,  por  especies,  de  los  animales  adquiridos  antes  de  la  entrada  en  vigor  de  la  ley  de 
1972  y  de  todos  los  aniiii ales  actualmenle  en  cautividad 

En  1975,  mai>  dc  130  millones  dc  pcrsonas  tuvieron  0Casi6n  de  visitar  mamiferos 
marinos  en  cautividad,  y  cada  aAo  un  mill6n  de  estudiantes  partidpan  en  programas  educa- 
tivos  en  los  que  se  ulilizan  aninlaIe<^  cautivos  En  1975.  las  personas  empleadas  par  los  28 
oceanarios  y  acuarios  eran  4  OOU,  durante  el  mismo  aho,  el  Sea  World  de  San  Diego  (Cali- 
fornia) y  los  oceanarios  y  acuarios  de  Florida  aportaron  a  sus  comunidades,  oomo  ingresos.  25 
millones  y  225  millones  de  dolares  EE.UU..  respecti\amente  ftras  haber  aplicad<^  cl  imiiti- 
plicador  economico  correspondienle  e  incluidos  impuestos).  Las  invesiigaciones  sobre  mami- 
feros marinos  cn  cautividad  han  fadlitado  mudios  datos  a|dicables  a  los  animales  que  viven 
cn  lihcrtad.  Los  programas  dc  rcproducci6n  en  cautividad  cstan  aiin  en  fase  inicial:  los  datos 
disponibles  sobre  14  especies  indican  que  de  228  animales  nacidos  sobreviven  58.  Canada, 
M^oo  y  los  Estados  Unidos  controlan  estrictamente  la  captura  de  mamiferos  marinos  vivos. 
De  los  191  permisos  solicilados  en  los  Fstados  Unidos  desde  1972  para  captiirar  mamiferos 
marinos  vivos,  107  se  referian  a  la  captura  de  757  animales  para  exposicion  al  piiblico;  se  han 
aprobado  71  de  esas  soKdtudes,  para  un  total  de  337  animales,  o  sea  d  0,7  por  dento  de  kts 
aniinales  f>ara  cuya  captura  se  ba  conoedido  permiso. 
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CAPTIVE  CENSUS  IN  NORTH  AMERICA 


IdlrodiictioB 

Marine  mammals  have  intrigued  man- 
kind for  thousands  of  yean.  They  have  been 
revered,  smnetimes  feared,  but  ooasistently 

admired. 

Tlie  appiicalion  of  modem  techniques  to 
water  purincation  and  food  handling,  al<Mig 
with  general  husbandry  techniques  learned 
from  other  animals,  led  naturallv  to  the  estab- 
lishment  of  colonies  of  wild  marine  mammals 
in  man-made  oootrotted  environments.  In 
(heir  early  form  the  presentations  were  static 
and  the  animal  was  viewed  from  above  in 
pools  or  holding  facilities.  Later,  glass  win- 
dows allowed  underwater  viewing.  Some  of 
the  earlier  pinniped  displays  were  in  the  form 
of  circus  acts,  since  it  was  obvious  that  many  of 
these  animals  could  be  trained  and  they 
adapted  easily  to  a  semi-aquatic  fresh  water 
environment. 

As  time  passed,  displays  became  more 
sophistfeated,  and  in  die  late  l^O^s,  an  instit- 
ution in  Florida  successfully  <fisplayed  a  col- 
ony of  bottlenose  dolphins  in  a  huge  pooL 
Today,  in  North  America  (United  States  and 
Cana<fai)  there  are  approximately  200  zoos  and 
aquaria /oceanaria. 

In  the  past,  such  collections  have  been 
blamed  for  the  suspected  dcplcuon  of  marine 
mammal  populations  in  some  areas. 

The  assembly  of  statistics  on  a 
world-wide  basis  is  an  awesome  task  and 
would  be  impossible  without  a  thorough  inve- 
stigation. However,  in  the  United  States,  stati- 
stical data  for  North  America  has  become  far 
easier  to  obtain,  following  the  implementation 
of  the  Marine  Mammal  Protection  Act  of  1972. 

Since  this  Act  went  into  effect,  record 
keeping  by  the  various  institutions  engaged  in 
pubhc  educational  display  has  been  more  than 
creditable.  The  Act  itself  does  not  require  re- 
cord kcepin<:  except  in  thcise  instances  where 
the  Act  would  be  implemented  for  the  capture 
and  husbandry  of  marine  mammals,  i.e.,  ani- 
mals collected  by  permit  after  December, 
1972. 

Since  December  1972  it  has  become 


necessary  to  appfy  for  a  permit  if  marine 
mammals  are  to  be  collected  in  the  United 
States.  The  apphcation  should  include  perti- 
nent records  of  the  institution's  recent  histo* 
ly  and  expertise  with  marine  mammals;  some 
of  the  other  data  required  are  the  collection 
site,  age,  sex  and  size  of  the  animal  to  be  col- 
lected, and  the  longevity  of  the  existing  col- 
lection. Upon  application,  this  information 
becomes  retroactive  to  include  even  those 
anunals  maintained  prior  to  passage  of  the 
Marine  Mammals  Protection  Act  of  1972. 

Because  of  these  requirements,  collect- 
ing data  for  this  paper  was,  in  most  cases, 
simply  a  matter  of  inquiry  to  the  various  insti- 
tutions involved  in  the  educational  display  of 
marine  mammals. 

Method  of  surr^ 

A  total  of  193  institutions  were  contacted 
from  July  1  to  August  20,  1976,  and  all  re- 
sponded. 96  did  not  have  marine  mammals  on 
exhibit  at  the  time.  Of  the  97  institutions  pos- 
sessing or  displaying  marine  mammals,  69 
were  dassified  as  zoos  with  or  without  aquaria, 
and  28  as  oceanaria  or  aquaria  whose  principal 
concern  is  to  display  marine  mammals. 

I  he  major  source  book  lor  the  zoos, 
aquaria  and  oceanaria  that  were  contacted 
within  the  United  States  and  Canada  was  the 
1975  Directory  of  the  American  Association  of 
Zoological  Parks  and  Aquariums  (AAZPA). 
No  approach  was  made  to  institutions  that 
were  known  never  to  have  had  marine  mam- 
mals. 

In  a  few  instances  the  statistics  were 

compiled  duough  the  appropriate  Federal  and 
State  agencies  and  not  through  the  institution 
itseU.  In  these  cases  the  information  was  up  to 
date  as  required  by  law. 

Numbers  in  captivity 


As  indicated  in  1  able  1,  there  are  1  135  marine  139 


Copyrighted  matBrial 


LH.  CX>RNELL  &  E  D.  ASPER 


JMth  l^rillkciM9rti0Ml«qllvccm■-lJSA■MlCMM*l 

Marioe  mammals  II!!!!!*""'*      Iif.!!2!/™'!lS        Toul  mannc  mammals 

in  zoos  .  aquafu/ooeanana 


Famil)  Dclphinidae 

Delphinus  delphis 
Globicephala  sp. 
tMgenorhynehus  lAlhpMaa 

Orcinus  area 
PseuJorca  cranu/ens 
Stenellu 

Sieno  brt'dtjnensis 

Tuniops  truncatus  (Atlantic) 

rwsA^  vnoKam  (Pacific) 

Family  Monodonticino 
Delphinapifrus  leucas 

Family  Phocoenidae 
Phocoena  phocoena 

Famil\  Flaianistidac 
Inia  geoffreim 


0 
0 
0 
0 
0 
0 
0 
7 
0 


4 

7 
14 
17 

2 
12 

2 

266 
13 


10 


Total  cetaceans 


4 

7 
14 

17 
2 

12 
2 
273 

13 


10 
1 

4 

359 


Fumil)  Tnchcchidac 

THchechus  inunguis 
THeheeha  manatus 


1 
9 


2 
10 


Total  tiicoia 


12 


Family  Olaridae 

Antoe«ph«hu  sp. 
CalhrMmu  imAras 
Eumeiopias  fidMus 
Otaria  sp. 

Zohpkus  caUfontlanta 

Ftnaty  Odol)cnjd«e 
Odobmut  ap. 

Family  Plioddae 

Cystophora  crlttata 
Halkhoeno  pypus 
Mirounga  angustirMftt 
Pagophilus  groenhmdkus 
Phoce  sp. 


Family  MuiteHdae 

Euhytba  h»trts 


12 
2 
0 
9 
193 


0 
20 
I 

0 
51 


0 
6 
12 
I 

230 


1 

10 
31 
2 
164 


Total  pinnipeds 


Total  («a  ollen 


12 
8 
12 
10 
423 


10 


1 

30 
32 
2 
21S 

755 


9 
9 


CAPTIVE  CENSUS  IN  NORTH  AMERICA 


mammals  presentlv  housed  in  North  Ameri- 
can zoos  and  aquana/oceanaria.  Of  these,  30  i 
are  in  zoos  and  834  are  in  aquana/oceanaria. 


Educational  benefils 


In  1975,  these  relativelv  few  marine 
mammals  provided  educational  display's  for 
over  130  million  visitors,  over  one  fuHiot  the 
population  of  the  United  States  of  America. 
This  represents  1 14  537  visitors  per  animal  per 
year. 

In  many  of  the  major  aquaiia/oceanaria 

in  North  America,  in  addition  to  the  regular 
educational  displays,  speciallv  designed  clas- 
ses and  educational  programmes  for  students 
of  all  ages  are  eorrentfy  under  way,  reaching, 
on  average,  one  million  students  per  year  The 
accredited  teachers  follow  curricula,  and  em- 
ploy visual  aids  and  learning  experiences  with 
resident  animals.  The  experience  thus  gained 
should  help  our  future  citizens  to  evolve  ap- 
propriate management  programmes  for  future 
generations  of  both  man  and  marme  mam- 
mals. At  all  creditable  zoos  there  are  educa- 
tional programmes,  docent  and /or  volunteer 
lectures  and  relateci  programmes  which  in- 
clude marine  mammals. 


Economic  and  employment  benefits 


Four  thousand  persons  were  employed 
in  1975  by  the  28  aquaria/oceanana  m  North 
America  listed  in  the  AAZPA  1975  Directoiy. 
In  1 976  this  number  has  increased  by  rou^y 
15  %. 

Detailed  figures  were  available  from  Sea 
World  in  San  Diego,  California.  Nearly  800 
people  are  employed  there  at  the  height  of  the 
annual  season.  The  annual  payroll  for  this 
group  of  employees  is  almost  $4  million.  By 
appfying  the  US  economic  dollar  multiplier 


this  gives  a  benefit  to  the  community  of  US$20 
million.  Rent,  property  tax  and  sales  lax  add 
up  to  a  further  US$  10 16  600.00,  or  over  S5 
million  after  the  multiplier  has  been  applied, 
which  reaches  the  community ftom  the  City  of 
San  Diego's  share.  While  these  figures  will  be 
different  for  other  aquana/oceanaria,  they  do 
mdicate  the  value  to  the  community  of  every 
dollar  of  such  income.  In  a  community  such  as 
San  Diego,  income  generated  (when  the  mul- 
tiplier is  applied  on  a  yearly  basis)  is  sufficient 
to  maintain  San  Di^  State  University's  oper- 
ating  budget  for  one  year.  Likewise,  smaller 
aquaria  have  the  ability  to  provide  income  for 
community  education  in  proportion  to  their 
size. 

The  example  of  Florida  is  biased  by  the 
fact  that  it  is  a  coastal  state  with  more  aqua- 
na/oceanaria than  many  other  states.  In  1975, 
a  recession  year,  25  million  out-of-state  visitors 
came  to  Florida,  generating  a  revenue  of 
US$1.87  billion.  The  appliLation  of  the  mul- 
tiplier suggests  that  nearly  US$9  biUion  reached 
Florida  communities  firom  these  visitors.  Saf- 
enteen  percent  of  the  25  million  visited  insti- 
tutions listed  as  aquaria/oceanana  by  the 
/^/VZPA;  1.5  million  in-slaie  residents  made 
up  the  rest  of  their  attendance.  Dnect  revenue 
from  all  visitors  in  1975  to  these  institutions 
was  US$38  million,  or  US$192.5  million  in 
revenue  to  the  Florida  communiiies  alter  ap- 
l^cation  of  the  multiplier.  Taxatimi  on  the 
income  thus  generated  yielded  I  JS$6.5  million 
to  the  state  (US$32.5  miilion  after  application 
of  the  multiplier). 

Relevant  income  to  Florida  zoos  could 
not  he  calculated,  due  to  the  difficulty  of  dis- 
crnnmating  revenue  pcncrated  h\  marine 
mammals  from  that  generated  by  other  ani- 
mals. 


Impact  on  wild  populations 


Much  attention  is  generally  focused 
upon  the  impact  on  wild  pq>ulations  of  col-  141 
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TMt  2.  Percentage  of  captive  marine  mammals  acquired  prior  to  IhcMniM 
species  cuireotly  being  maintained  w  displayed  > 


Pkotoctiw  Adi  I 


Species 

Current  percentage  of  captive 
pre-Act  marine  mammals 

'  

Current  average  longevity  of 
captive  prc-Act  marine  mammals 
(years) 

Tursiops  iruncaius  (Atlantic) 

60  'i 

6.1 

Tursiops  iruncatus  (Pacific) 

6.4 

Lagettorh/nchus  obiiquidens 

91  % 

5.3 

Orthma  area 

93ft 

7.2 

Stenella  sp. 

37% 

7.0 

Delphinapterus  leucas 

JV  it 

7  1 

Inia  geojjfrensis 

100  % 

8.5 

Globicepnala  sp. 

66  « 

7.0 

Pseudorca  moaideas 

100  f 

8.0 

dfVUv  OnSUUmmRSU 

12  0 

Zahpims  cai^omieaau 

60% 

6.1 

Phoea  sp. 

Si% 

7.0 

HaUchoerus  grypus 

93ft 

6.9 

Mirouni^a  an^uxtirostris 

32ft 

4.4 

Eumeiopias  jubaius 

9111 

49 

OJoheniis  Sp. 

90% 

'J  9 

Otaria  sp. 

13  % 

6.0 

CaUorhinus  ursinus 

83  f 

8.4 

Pa^mhihu  ^mealamHeus 

100% 

3.0 

Thentduu  aumguu 

100  ft 

8.5 

jykhechta  manatm 

60ft 

18.0 

Enh/ira  hitrts 

56  ft 

5.8 

AufuM  tm. 


lecting  maiine  mammals. 

Of  the  I  135  marine  mammals  currentlv 
held,  988  were  collected  specifically  for  public 
educatkmal  display  and  closely  related  re- 
search. The  majority  of  these  were  collected 
prior  to  the  passage  of  the  Marine  Mammal 
Protection  Act  of  1972.  Another  147  were 
"stranded"  or  "beached**  animab  which  were 
salvaged  and  which  recovered  sufTicientlv 
from  their  illnesses  to  allow  their  maintenance 
for  research  and/or  display.  The  survival  of 
stranded  animals  represents  a  suh.stantial  \  ct 
erinary  medical  achievement.  Of  the  147,  the 
average  longevi^  to  date  is  3.3  ^ears.  Table  2 
diows  the  percentage  by  species  of  marine 
mammals  currently  displayed  or  maintained 
and  taken  prior  to  December.  1972.  and  the 
average  longevity  of  each  species  to  date. 

For  sinne  marine  mammals  currently 
being  maintained,  no  collection  or  longevity 
data  were  available.  Some  had  been  in  captivity 


so  long  that  collection  dates  had  been  lost  or 
misplaced.  Other  records  were  incomplete  be- 
cause personnel  changes  over  the  years  had 
depleted  or  interrupted  the  keeping  of  accu- 
rate records,  and  in  a  few  cases  records  had 
never  been  kept  at  all. 

Longevity  figures  in  this  paper  were  only 
calculated  for  those  marine  mammals  whose 
records  were  accurately  maintained  both 
pre-Act  and  post-Act.  1  hey  are  therefore  con- 
servative. 

Table  3  shows,  by  species,  the  number 

and  percentage  of  marine  mammals  whose 
recoids  accurately  reflect  their  longevity. 

Combined  longevity  figures  show  a 
lower  average  than  pre-Act  (before  Deoonber, 
1972)  lonnevitv  figures.  Less  than  four  years 
have  passed  smce  the  implementation  of  the 
Act,  therefore  the  maximum  longevity  of  ani- 
mals collected  aAer  the  Act  would  be  3  years  8 
months.  Most  post-Act  animals  have  not  been 
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TUic  3«  Currrni  number  of  marine  msminals 

pBCcotiBv  of  Mcante  Ih 

■awitv  Art*  ■'raihUii 

Species 

Cumnt  oumbcr 
in  ciptivicy 

Percent  accurate 

longevity 
diU  availsble 

Average 
longcvii^  in 
ciptiviqr  Qwan) 

Tiinicps  tnmeaais  (AlliDtic) 

273 

60% 

5.4 

T\ampi  tmiKiaus  (FlMific) 

13 

100% 

5.7 

Lagenorhynchus  oUiCgnidew 

14 

79% 

4.8 

Ore  in  us  ore  a 

17 

S2% 

6.8 

Stenella  sp. 

12 

92  % 

3.S 

Delphinapterus  leucas 

10 

80% 

3.9 

Delphinus  delphis 

4 

100% 

1.0 

Inia  geoffrensis 

4 

100% 

8.5 

GhbicephaUi  sp. 

7 

86  % 

43 

Pseudona  eraabkns 

2 

100% 

8j0 

Steno  hrtdanmsb 

2 

100% 

6.0 

Phocoena  phocoena 

I 

too  % 

<1,0 

Zalophus  cali/omuinus 

423 

84% 

4.2 

Phoea  viiulinu 

215 

83  % 

4.6 

HaUchoerus  grypus 

30 

100  % 

6.6 

MUmmga  angusliromis 

32 

75% 

Z5 

7*  w 

*taU 

(kMemis  sp. 

10 

100% 

9.0 

Arclicephalus  sp. 

12 

75% 

20 

Otaria  sp. 

10 

80% 

2.2 

Callorhinus  ursinus 

8 

75% 

7.2 

Pagvphilus  groenlandicus 

2 

100  % 

3.0 

Cyslophora  cristala 

1 

100% 

■  Ml 

frichechus  inungfUS 

2 

loo's 

8.5 

Trichechus  manatus 

10 

50% 

11.0 

Enhydra  bttHs 

9 

100% 

3^ 

1976. 


in  captivity  for  so  long,  and  many  have  only 
been  recentty  acquiied. 


Research  and  captive  breeding  are  two 
important  activities  that  stem  from  maintain- 
ing species  in  zoos  and  aquaria/oceanaria. 
Both  benefit  the  wild  populations  in  many 
ways. 

Research  on  captive  animals  of  all  kinds 
has  solved  many  problems  of  disease  and 
others  with  direct  relevance  to  wild  popula- 
tions. Caplive  animals  have  lent  themselves  to 


research  programmes  on  wild  food  supplies, 

nutritional  studies,  disease  control,  population 
dynamics,  environmental  support  and  the 
establishment  of  proper  wildlife  reserves,  to 
name  but  a  few  fields  of  study.  Equally  im- 
portant is  the  establishment  of  captive  breed- 
ing colonies  for  zoological  specimens,  particu- 
larly for  some  endangered  species  which  in 
zoos  are  reproducing  with  greater  efficiency 
than  in  the  wild.  It  i.s  not  also  inconceivable 
that  release  to  the  wild  of  captive-bred  stocks 
could  aid  the  leooveiy  of  the  species  involved. 

The  breeding  programmes  for  marine 
mammals  now  in  progress  are  in  the  prelimi- 
nary stages.  Many  births  have  been  unplan- 
ned. It  is  not  inconceivable  that  future  captive 
8K>dcs  of  some  marine  mammals  ooold  be 
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Ttft4  WkHa  I— tw  ■■■■■h  In  captivity  mi  mamlku  itM  illf  <by  a|»ecte«)  Urom  aecMite  wwt  date 


Species  Number  of  births  Number  still  alive 


Tursiops  truncatus^ 

107 

22 

Lagenorhvnclnts  nldiqimtgia 

2 

0 

Delphinus  delphis 

2 

0 

Sienella  sp. 

3 

1 

Delphintguerus  kueas 

2 

0 

5tono  brtdanensls  X 

TUniops  truncatus 

1 

0 

Odbbenus  r.  dhergeiu 

2 

0 

Zaiophus  califomimau 

70 

15 

Phocu  viiulina 

22 

II 

llalichoerus  grvpus 

10 

Cyslophora  cristaia 

1 

0 

Oiaria  sp. 

1 

0 

Enhydni  hitris 

2 

1 

THmmAio  ip. 

3 

3 

Toul 

228 

58 

The  data  on  Tursiopi  was  both  collrcird  dirnrllv  jnd  summiin/nj  from  the  biteJiltg  dulphim  prtieni  uaiui,  tuerrMmnt ySir|lkrJiimne,nlilnlby$,H.  Wdgwiy  Md  K. 
Bcoincbkc  (Workihop  heU  December.  I97S).  Marine  Mammal  CamiWlilW  Itqwil  MMC-76/07,  November  1^77. 


supplied  wholly  firom  captive  breeding  popu- 
lations. 

Table  4  shows,  by  species,  the  numbers 
of  births  which  have  taken  place  in  zoos  and 

aquaria/oceanaria.  Tlicse  figures  represent 
breeding  statistics  from  53  %  of  the  zoos  and 
67  %  of  the  aquaita/oceanaria  surveyed.  Most 

losses  were  due  to  stillbirths  or  occurred  before 
one  month  of  age,  reflecting  the  early  state  of 
the  art. 

Table  4  does  not  distinguish  betwem 
animals  conceived  in  captivity  and  those  con- 
ceived in  the  wild.  The  figures  are  conserva- 
tive, since  a  large  amount  of  data  provided 
from  memory  alK)  was  discarded. 

13  species  are  represented  here  as  well  as 
a  Tursiops  truncaius  —  Steno  bredanensis  hy- 
brid. 


Future  nupuct 


No  inlormalion  is  available  on  the  past 
unpact  on  wild  slodcs  of  marine  mammab 


collected  for  public  educational  display.  How- 
ever, as  far  as  North  America  is  concerned, 
both  the  future  scale  of  coUection  and  its  po- 
tential impact  can  be  estimated,  thanks  to  the 

rigid  controls  enacted  by  Canada,  the  United 

Slates  and  Mexico  on  collecting  programmes 
of  any  kind. 

Since  1972.  there  have  been  191  permit 
applications  to  the  United  States  (jovcrnment 
for  the  collection  of  marme  mammals  for 
sdentific  research  and  public  educational  dis- 
pla\  or  these,  84  requests  were  for  scientific 
research,  representing  57  990  marine  mam- 
mals. The  remaining  106  requests  were  for 
pubUc  educational  display,  representing  a  po- 
tential removal  from  the  wiki  of  737  marine 
mammals.  One  additional  application  com- 
bining research  and  public  educational  cU^play 
asked  for  120  animals  for  research  and  20  for 
public  educational  display. 

To  date,  a  total  of  137  applications  have 
been  granted.  66  were  for  saentific  research, 
representing  a  total  of  51  049  animals  or  93  % 
of  all  animals  for  which  permits  have  been 
granted.  Of  these,  4  046  animals  are  to  be  sac- 
rificed as  indicated  in  the  permit;  45  398  ani- 
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mals  arc  to  be  taken  and  released;  1  322  were 
beached  or  found  dead;  and  283  are  to  be 
taken  and  kept  alive  for  research  purposes. 

71  applications  have  been  granted  for 
public  educational  display  representing  357 
animals  (or  0.7  ^ ).  It  is  obvious  from  these 
figures  and  from  trends  of  the  past  few  years 
that  the  future  impact  of  the  public  educatio- 
nal display  industry  on  wild  population  stocks 
will  be  ne^^ble. 
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Birmini!ham  Zoo 
Btrmmgham.  Alabama 

Phoenix  Zoo 
Ptraenix,  Arizona 

Randolph  Park  Zoo 
Tucsoo,  Arizona 

Marincland  of  the  Pacific 
Palos  Verdes  Estates,  Califoroia 


Marine  World 

Redwood  City,  California 

Sleinliart  Aquarium 
San  Frandsco.  Califomia 

Sea  World,  Inc. 
San  Diego.  California 

Zoological  Society  of  San  Diego 
San  Diego,  Califomia 

Sant.i  B.iih.ua  Z(X)lngical  Gafden 
Santa  Barbara.  California 

San  iost  Zoological  Gardens 
San  Joii,  Califoniia 

Los  Angeles  Zoo 

Los  Aisles,  California 

B.ib\  Zoo 

San  Jos^.  California 

Children's  Fairyland  U.S.A. 
Oakland.  Califomia 

OakUnd  Baby  Zoo 
Oakland.  Califomia 

San  Francisco  Zoolo{:ical  Gardens 
San  Francisco,  California 

Morro  Bay  Aquarium 
Morro  Bay.  Califomia 

Knowland  Park  Zoo 
Oakland,  Califomia 

Sacra  tnento  Zoo 
SaeramenU),  Califomia 

Busch  Gardens 

Van  Nuys.  Cahforaia 

Sea  Wonders  Aquarium  and  Serpeniarium 
Crescent  City.  California 

Shipwreck  Aquarium 

Euldca.  Califomia 

T.  Wayland  Vaughan  Aquarium 
La  Jolla.  California 

Applegate  Zoo 
Merced,  California 

Magic  Mounuin  Animal  Farm 
Valencia.  Califomia 

Living  Desert  Reserve 

Palm  Desert,  California 
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Junior  Museum 
Walnut  Creek.  California 

Denver  Zoological  Gardens 
Denver,  Cdlondo 

Cheyame  Mountain  Zoo 
Colondo  Springs,  Colorado 

Ciiy  Park  Zoo 
Pueblo,  Colorado 

Stamford  Museum  A  Nature  Cenler 
Stamford,  Connectkut 

Grande  Game  Farm 
Wennfliekl,  CODDCcikat 

W9d  Animal  Faim 
Wfllington,  Coniificticut 

Mysiic  Marinclire  AquariuiD 
Mvslic.  Connecticut 

Anwdywine  Zoo 
WUmmgton.  EVelaware 

National  Zoological  Park 
Washington,  D.C 

Sea  World  of  Florida 
Oilando,  Florida 

The  Ciulfarium 

t-ort  Walton  Ucach.  Muniid 

Ocean  World,  Inc 
Fort  Lauderdale.  Florida 

Miami  Sei«|uarium 
Miami,  Florida 

Gulf  World 

Panama  City,  Florida 

Coral  Lagoon  Resort 
Marathon,  Florida 

Ocean  Reef  Club 
Kty  Largo,  Florida 

Sugar  Loaf  Lodge 
Sugar  Loaf  Key,  Florida 

Sooth  norida  Museum 
Bndenton,  Florida 

Waltzing  Waters 
Pine  Uand.  Florida 

Atlanta  Zoological  Park 
146    Atlanta.  Oeoigia 


Tift  Zoo 
Albany.  Georgia 

Sea  Life  Park 
Waimanolo,  Hawaii 

Honolultt  Zoo 
Hooololu,  Hawaii 

K.ihala  Hilton 
Honolulu.  Hawaii 

Ross  Piark  Zoo 
Pocatelio,  Idaho 

Boise  City  Zoo 
Boise,  Idaho 

John  G.  Sbedd  Aquarium 
Chicafo,  Illinois 

Chicago  Zooloeical  Plaric 
Brooklleld,  Illinoi<. 

Lincoln  Paric  Zoological  Gardens 
Chicago.  Illinois 

Plamsmen  Zoo 
Elgin.  Illinois 

Robin.son  Zoo 
Springfield.  Illinois 

Miller  Park  Zoo 
UUuimington,  lllituus 

Animal  Kingdom  Zoo 
Chicagov  niinois 

Glen  Oiak  Zoo 
Peoiia,  Illinois 

Niabi  Zoological  Preserve 
Molinc.  lllinoi!i 

Children's  Zoological  Gardens 
Fort  Wayne,  Inmana 

Glen  Miller  Park  Zoo 
Richmond,  Indiana 

Maker  Park  Zoo 
BvansviUe,  Indiana 

Indianapolis  Zoological  Paric 

Indianapolis.  Indiana 

Clifly  Acres  Zoo  Farm 
Hanover,  Indiana 

Washington  Park  Zoological  Gardens 
Michigan  City,  bidiana 
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Polawalomi  Park  Zoo 
South  Bend.  Indiana 

Des  Moines  Zoo 
Des  Moines.  Iowa 

Gly  Puk  Zoo 
Iowa  G^,  Iowa 

Weed  Park  Zoo 
Muscatine,  Iowa 

Riverside  P»ik  A  Ralph  Milcbeil  Zoo 
Independence,  Kansas 

Topeka  Zoological  Park 
Topeka,  Kansas 

Brit  Spaugh  Paik  and  Zoo 
Oreat  Bend.  Kansas 

Municipal  Zoo 
Wichita,  Kansas 

Sedgwick  County  Zooktgieal  Sodtty 
Winita,  Kansas 

Louisville  Zoological  Garden 
Louisville,  KcDtucky 

Alexandria  Zoological  Park 
Alexandria,  Louisiana 

Crrc'.tcr  Ball  n  Rouge  Zoo 
Baton  Rouge,  Louisiana 

Louisiana  Purchase  Gardens  &  Zoo 
Monroe,  Louisiana 

Audubon  Park  Zoo 
NewOrieans,  Louisiana 

Odcnheianer  Aquarium 
New  Orieans,  Looisiaaa 

Baltimore  Zoo 
Baltimore,  Maryland 

Salisbuiy  Zook>gical  Garden 
Safisbuiy.  Maryund 

New  England  Aquanum 
BoiU»,  MaMachnselts 

Sealand  of  Cape  Cod,  Inc. 
Biewsier,  Massachuaetis 

Walter  D,  Stone  Memorial  ZoO 
Siuncham.  Massachuselb 

Capron  Park  Zoo 
AtUebom.  Massachusetts 


Southwick  Wild  Animal  Fann,  Inc. 
Blackstone,  Ma.ssachuselLs 

Franklin  Park  Children's  Zoo 
Boston.  Massachusetts 

Fiankliii  Fade  Zoo 
Boston.  Massachusetts 

Children's  Zon 
Spnngfield,  Massachusetts 

Kirkham  Aquarium  &  Zoo 

Springfield.  Vfassachusetts 

Worcester  Science  Center 
Wonester,  Maasachusetls 

bttenMdonal  Animal  Exchange.  Inc 
Pemdale,  Micfaigan 

Animal  Kingdom  Wildlife  Refllga 
Byron  Center.  Michigan 

Deer  Foicst 

Coloma.  Michigan 

John  Ball  Zoological  Gardens 
Oiand  Rapids,  Michigan 

Potter  Park  Zoo 
Lansing,  Michigan 

Saginaw  Children's  ZoO 
Saginaw.  Michigan 

King  Animaiand  Parte 
Richmond,  Michigan 

Como  Zoo 

St.  Paul,  Minnewta 

Minnesota  Stale  Zoological  Oaiden 
St  Paul.  Mhmesota 

Duluth  Zoii 
Duluth.  Minnesota 

Oxbow  Park  Zoo 
Rochester,  Minneaota 

Jackson  Zoological  Park 
JacfcsmL.  Misiissiiiiii 

Dickerson  Park  Zoo 
Springfield.  Minonri 

Kansas  City  Zo<^Iogical  Gardens 
Kansas  City.  Missoun 

St.  Louis  Zoological  Park 

St  Louis.  Miasoui  147 
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Red  l  odge  Zoo 
Red  Lodge.  Moniana 

Lincoln  Municipal  Zoo 
Lincoln.  NebfaSka 

Heniv  Doovly  Zoo 
Omaha.  Nebraska 

Lincoln  Children's  Zoo 
Lincoln,  Nebraska 

Riveiside  Fade  Zoo 
ScottsblufT.  Nebraska 

Las  Vcgaii  Valley  Zoo 
Las  Vegas.  Nevada 

Turtle  Back  Zoo 

West  Orange,  New  Jersey 

Wamer  Bros.  Jungle  Habitat 

Wesi  Miiford.  New  Jersey 

Terry  Lou  Zoo 

SgoI^  Plains,  New  Jersey 

5|»Ge  Faims  ZocHogal  Paik 
Susaex.  New  Jeney 

Cohanzick  Zc<o 
Bridgeton.  New  Jersey 

Rio  Grande  Zoological  Park 
Atbuquenjae,  New  Mexico 

New  York  Aquarium 
Coo^  Island,  New  Yoik 

Livint!  Museum 

BulTalo  Museum  ol  Science 

BufTalo,  New  Yoric 

Cfentnl  Park  Zoo 
New  Yofk,  New  York 

New  York  Zoological  Park 
New  York,  New  Yolk 

Seneca  Park  Zoo 
Rocbeatcr,  New  Yoric 

Buffalo  Zoological  Gaidens 
Buffklo,  New  Yoik 

Staien  hiand  Zoological  Sodety 
New  York,  New  York 

Bunusl  Faric  Zoo 
Syracuse.  New  Yoik 

Uuca  Zoo 
UUca,  New  Yoilc 


Municipal  Zoo 
.Ashevillc.  N'ltnh  C'arnliiKi 

North  Carolina  Zoological  Park 
Asheboro.  North  Carolina 

Dakota  Zoo 

Bismarck,  North  Dakota 

Sea  WorU  of  Ohio 
Aurora.  Ohio 

Cincinnati  Zoological  Socie^ 
Cincinnati.  Ohio 

Cleveland  Zoological  Paik 

Cleveland.  Ohio 

Columbus  Zoological  Gardens 
Columbus.  Ohio 

Toledo  Zoological  Gardens 
Toledov  Ohio 

Akron  Children'^  Zoo 
Akron.  Ohio 

Oklahoma  Cii\  Ztu) 
Oklahoma  City.  Oklahoma 

Depoe  Bay  Aqoaiium 

Depoe.  Oregon 

Seaside  Aquarium 
Seaside,  Oregon 

Pbrtland  Zoological  Gardens 
Portbud,  Oregon 

Moore  Park  Zoo 
Klamath  Falls,  Oregon 

Pittsburgh  Zoological  Gardens 
Pittsburgh,  Pennsylvania 

Underground  Zoo 
Childnn*k  Zoo  and  Aquarium 
Pittsburgh,  Penn^lvania 

Lrif  /oo 

Eric,  Pennsylvania 

Elmwood  Park  Zoo 
Norristown.  Pennsylvania 

Nay  Aug  Park  Zoo 
Saanton,  Penmylvama 

Columbia  Zoological  Park 
Colurobia,  South  Carolina 
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Great  Plains  Zoo 

Sioux  Falls.  South  Dakota 

Watenown  Zoo 
Waieriowa,  South  Dakota 

Wylie  Pkilc  Zoo 
Abeidccn,  SoaA  Dakota 

Opniand.  U.S.A. 
Nashville,  Tennessee 

Ovcfton  Park  Zoo  and  Aquarium 
Memphis,  Tennessee 

Knoxville  Zoological  Paik 
Knoxville.  Tennoaee 

Sea*Aiim«  Marine  WorM 
Oatvcsion,  Texas 

Seven  Seas 
Arlington,  Texas 

AlMleae  Zootogical  Gardens 
Abilene,  Texas 

Dallas  Aquarium 
Dallas,  Texas 

Dallas  Zoo 
Dallas.  Texas 

Forth  Worth  Zoological  Pufc  and  Aquarium 
Fort  Worth,  Texas 

Houston  Zook>gical  Gardens 
Houston,  Texas 

Central  Texas  Zoo 
Waco,  Texas 

Gladys  Porter  Zoo 
Brownsville,  Texas 

Midland  Zoo 
Midland,  lexas 

San  Antonio  Zoo  and  Aquanum 
San  Antonio,  Texas 

El  fuo  Zoological  Faik 
El  Fho.  Texas 

Storyland  Zoo 
AmaiiUo,  Texas 

Hogle  Zoological  Garden 
Salt  Lake  City,  Utah 

Lafayette  City  Park  Zoo 
Noriblk,  Viigiiiia 


Seattle  Aouariutn 
Seattle.  Washington 

Northwest  Marineland.  Inc. 
Seattle,  Washington 

Woodland  Paris  Zookigjcal  Gardens 
Seattle.  Washington 

Inland  Empire  Zootogical  Society 
Spokane,  Washington 

Good  Zoo 

Wheeling.  West  Virginia 

Hcnr)  Vilas  Zoological  Park 
Madisoii.  Wisconsin 

Milwaukee  County  Zoological  Pnk 
Milwaukee,  Wisconsin 

Raiinc  Zi>ol(ii;iLi)l  Park 
Racine,  Wisconsin 

The  Ranch  Zoo 
Menomonee  Falls.  Wisoonsm 

Vancouver  Public  .'\4uarm1n 
Vancouver,  British  Cdtumbia,  Canada 

Quebec  Zoological  Garden 
Oisainville.  Quebec,  Canada 

The  AijuariLim 

Provinaal-Sif-I  ON.  Quebec.  Canada 

Montreal  Aquarium 
Montreal,  Quebec,  Cknada 

Calgary  Brewery  Aquarium 
Calgary,  Alberta,  Canada 

Calgar\  Zoo 

Calgary,  Alberta,  Canada 

Stor>,land  Vallcn  7.'ii 
Bdmonton.  Alhcrta.  i  anada 

Stanley  Park  Zoo  British  Columbia 
Vancouver.  British  Columbia.  Canada 

P.EJ.  Wfldlife  Park 

North  Rusiioo^  Prince  Edward  Island,  Canada 

Granby  Zoological  Society 
Granby,  Quebec.  Canada 

Jardin  de  Merveilles 
Montreal,  Quebec.  Canada 

Assiniboine  Park  Zoo 

Winnipeg,  Maniloba.  Canada  149 
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Bnwmanville  Zoo 
Buwmanville,  Ontario,  Canada 

Sealand  of  the  Padfic 

>nciOfia.  Bfitiah  CohimUa*  Canada 

Naiioaal  Marine  Raheries  Scmoe 
Washingloa,  D.C 


National  Marine  Fisheries  Service 
California  Regional  Office 

California  Department  of  Fish  and  Game 
DiviikMi  of  Law  Eofeioenient 

Dmitmoit  of  Natund  RcMniices 
Talabaaaee,  Florida 


THE  TRANSITION  FROM  FISHERIES  TO  MARINE  FARMING 
AS  THE  PRIMARY  LONG-1 ERM  OBJECTIVE 
OF  MARINE  MAMMAL  MANAGEMENT' 


A.V.  Yablokov 


Because  of  ecological  and  ccorKunic  reasons,  human  nutritional  necds  and  Scientific 
interest,  the  present  reductions  in  the  abundance  of  nearly  all  species  of  marine  mammals  are 
extremely  undesirable.  Improperly  regulated  exploitation  has  caused  this  situation  and  con- 
tinues to  endanger  many  species.  Experience  with  other  exploited  and  often  endangcKd 
animals  reveals  thai  ilu-  solution  to  this  problem  is  the  deliberate  transition  from  present 
hunting  practices  to  marine  tarmmg.  involving  some  degree  of  domestication.  In  some  cases, 
such  farming  would  be  based  on  the  production  of  raw  materials  for  food  and  light  industry, 
and  in  other  cases  perhaps  ni  ir  c  i-vportant  in  the  future  —  on  the  use  of  marine  mammals 
for  recreational  purposes,  l  amung  v.iU  ensure  a  sustained  >ield,  perhaps  ol  high  economic 
value,  that  oouid  be  increased  fiirther  if  certain  husbandry  techniques  are  found  to  be 
applicable.  Domeviic  farmtni.'  ofcctjceans  .inili.*  be  conducted  using  herding  and  pasturing 
concepts  in  the  open  ocean  and  perhaps  also  in  sheltered  bodies  of  water.  The  most  productive 
and  profitable  marine  farming  would  seem  to  be  using  right  whales.  However,  farming  of 
{Nnnipeds  is  likely  to  be  easier  to  begin,  with  northern  fur  seals  and  harp  seab  offering  the  best 
possibilities. 

The  transition  from  hunting  to  farmiro:  requires  development  of  special  multidiscipli- 
narv  research  programmes,  including  invcslit'aiuni  of  ptipulalion  bii>Kij.'v.  behaviour  and 
behaviour  control  and  ecology.  I'he  development  ot  programmes  for  the  improvement  and 
expansion  of  marine  mammal  habitats  and  the  mtensnkalion  of  research  related  to  domesti- 
cation of  different  species,  are  also  required.  Such  programmes  are  likely  to  become  the 
primary  focus  of  future  studies  and  their  effectiveness  will  be  improved  by  international 
coordination. 

Pour  des  raisons  ecolosiques  et  economiques,  de  nutrition  humaine  et  d'int6r€t  scienti- 
fiLjuc.  la  reduction  aetuelle  de  rabt>iKianee  de  prcsquc  toules  les  esp^ccs  de  mammif^res 
manns  est  totalcment  indcMrable.  Une  exploiiaiion  mal  geree  a  provtique  ccile  situation  et 
continue  de  menacer  de  nombreuses  esptees.  L'expirience  acquise  avec  d'autres  animaux 
exploitis  et  souvent  mis  en  danger  montre  que  la  solution  de  ce  probleme  r^'side  dans  la 
transition  des  actuelles  mdhodes  de  chasse  a  la  mariculture,  avec  une  certaine  domestication. 
Dans  certains  cas,  cette  markulture  se  fonderait  sur  la  production  de  matiires  premiires 
destinees  a  Findustric  aiimentaire  et  et  dans  d'autres  cas  (ce  um-  pourrait  presenter  une 

importance  plus  considerable  a  ravcnir)  sur  rutilisaliun  des  manimilcres  marins  a  des  fins 
r6criatives.  Leur  devage  pourra  assurer  un  rendement  eum^trique,  ayant  peut-£tre  une  tris     IS  I 
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haulc  valcur  cconomi^uc,  qui  pDurruii  clrc  cncurc  augincntc  si  certaincs  iL-chniqucN  J  cicvage 
se  rfvilent  rialisables.  L'ilevage  des  citacis  pourrait  fttre  riati&t  en  appliquant  des  concepts 
dc  rasscmblcmcnl  ilcs  iroupcaux  ci  dc  paturagc  cn  picinc  mcr  cl.  ovcniucllcmcni.  dans  des 
dicnducs  d'eau  fermees.  L'elevage  le  plus  productif  ct  le  plus  rentable  semblerait  etre  celui  des 
baleines  Tranches.  Cependant,  Tilevage  des  pmnipedes  se  rivtlen  sans  doute  le  plus  ais4,  les 
otaries  a  fouirure  des  Pribilov  et  les  phoques  du  Gmcnland  olTrani  Ics  mcillcurcs  possibilites. 

La  transition  de  la  chasse  it  I'elevage  demande  la  mise  au  point  dc  programmes  speciaux 
de  recherche  mnttidisciplinaire,  y  compris  fitade  de  la  biologie  des  popularions,  de  leur 
oomportetncnt.  du  controle  du  comportemeni  el  de  r<5cologie.  L'^Iaboration  de  programmes 
pour  TamcliDraliun  ct  I'cxpansion  des  habitals  des  mammif£res  mahns  el  rinlcnsirication  dc 
la  recherche  purtant  sur  la  domcsiication  de  difT^renlcs  espcccs  sont  aussi  ncccssaires.  Ces 
programmes  dcviendront  vraisemblablement  le  point  focal  des  Etudes  futures  et  leur  efflcacitd 
sera  amelior^e  par  la  coordination  intemationale. 

Extraeto 

Pur  razones  dc  cstabilidad  ccologica  y  economica  y  habida  cuenta  de  la!>  ncceiiidades 
nutrkkmales  del  hombre  y  del  interfe  biol6gico  de  los  mamireros  marinos,  la  presente 

rcducciiMi  do  la*-  poblacioncs  de  crisi  todas  l;is  c^pccii's  dc  csd',  animalcs  ^iim;imfnlc 
negativa.  t^la  situacion  ha  sido  Uctcrminada  por  una  cxplutaciun  mai  rcgulada,  que  sigue 
amenazando  a  mnchas  especies.  La  experiencia  del  pasado  con  otros  animales  explotados  y  a 
menudc  amenazados  revela  que  la  soiucion  dc  l">Ic  pmhlcm.i  cs  la  tran-icum  dclibcrad.i  do! 
sistcma  actual  dc  caza  a  la  cha,  con  aerto  grado  dc  domc^ticacion  dc  los  atiunales.  Cn  algunus 
casos,  ese  nuevo  sistema  de  explolaci6n  se  basaril  en  la  producci6n  de  materias  primas  para  la 
alimentacion  v  para  la  industria  ligera  y.  en  olros  casos  —  y  quizas  eslo  sea  iin  aspeclo  mas 
importanie  cn  el  futuro  —  en  cl  uso  de  los  mamiferos  marinos  con  fines  recreativos.  El  cultivo 
de  estos  animales  asegurari  un  rendimiento  sostenido.  que  puede  tener  elevado  valor  eoond* 
mico  y  podria  aumenlarNC  aun  mds  si  fuera  posible  apliear  determinadas  lecnicas  dc  cria  El 
culiivo  dc  cct&ccos  podria  rcalizarse  aplicando  los  conccptos  dc  rcbano  y  pasloreo  en  cl  mar 

abierto  y  quizes  en  tnasas  cerradas  de  agua;  el  sistema  mis  produciivo  y  rentable  de  culiivo  de 

mamiferos  marinos  parece  consistir  en  la  cria  de  ballenas  francas.  Sin  embari^o.  e\  probable 
que  tambiin  la  cria  de  pinipcdos  sea  facil:  los  que  mejores  posibilidadcs  ofrcccn  sun  los  lobos 
marinos  de  dos  pelos  y  la  foca  de  Gfoenlandia. 

La  transicion  de  la  caza  a  la  cria  hace  necesario  prcparar  programas  espcciales  muiii- 
disciplinales  dc  mvestigaci6n,  que  incluyan  estudios  sobre  la  btologia  de  la  poblacion.  el 
comportamiento  y  cl  control  del  comportamiento,  y  la  eoologia.  Es  necesario  tambicn  prcpa- 
rar  programas  para  mcjorar  y  ampliar  el  habitat  dc  los  mamiferos  marinos  e  intensiflcar  las 
investigaciones  relativas  a  la  domesticaddn  dc  divcrsas  cspccics.  Probablcmentc  esos  pro- 
gramas estarin  en  el  centro  de  los  estudios  fuluros,  y  su  eficacia  resuliar'ia  mejorada  con  una 
ooordinaci6n  intemadonal. 


A.V.  KriMtov 

Instiiuic  "f  DeveU^ment  Btology,  USSR  Academy  of  Sdeaces,  26  Vtprihv  Street,  Moscow 

152     W-S54.  USSR 


Copyrighted  matBrial 


FROM  nSHERIES  TO  MARINE  FARMING 


For  most  species  of  marine  m:immals, 
the  period  of  exploitation  when  commercial 
catch  was  limited  solely  by  the  technological 
level  of  equipment  has  long  passed.  This  sit- 
uation seems  especially  clear  with  respect  to 
whales:  the  mtroduction  of  the  harpoon  gun 
with  its  explosive  harpoon,  the  stern  slipway 
for  hauling  whales  onto  the  dedc,  electronic 
searching  equipment,  the  aimpressor  for 
umping  air  into  the  carcasses,  and  the  radio 
uoy,  together  with  high-powered  vessels, 
have  virtually  solved  die  problems  of  search* 
ing,  catching  and  processing!  the  whales  at  sea. 
Icebreakers,  high-powered  sealing  vessels  and 
quick-firers,  together  with  aerial  reconnais- 
sance, have  played  the  same  role  with  respect  to 
seals.  Modern  technology  has  made  it  possible 
to  hunt  every  species  of  marine  mammals  in 
every  part  of  the  ocean. 

Experience  shows  that  commercial  con- 
siderations have  always  been  more  important 
than  those  of  preservation  of  resources.  There 
arc  many  explanations  for  this  fact,  including 
the  foUowing: 

(i)  catching  regulations  have  been  rather 
unsatisfactory.  It  was  often  the  practice 
to  adopt  regulations  prohibiting  or  lim- 
iting the  hunting  of  certain  species 
only  after  their  numbers  had  been  se- 
verely reduced; 

(ii)  each  countiy  has  striven  for  maximum 

yields; 

(iii)  inadequate  enforcement  has  allowed 
violations  of  regulations; 

(iv)  man*s  exploitation  of  the  ocean  has  had 
an  increasingly  negative  effect  on  the 

breeding  potential  of  various  marine 
mammals  (e.g.,  both  stocks  of  gray 
whales). 


■  Adapted  from  Russian  language  version  in  Nmika, 
ZoolflgicilJmuiiit.  USSR,  1976. 


In  addition,  it  should  be  noted  that  one 
of  the  main  reasons  for  the  gradual  depletion 
of  many  marine  mammals  (and  also  of  other 
ocean  resources)  is  the  lack  of  an  owner  of  the 
resource:  however,  this  situation  is  now 
quickly  changing.  It  is  presently  generally  ac- 
cepted that  the  natural  resources  of  the  high 
seas  are  not  exclusively  the  property  only  of 
those  countries  equipped  to  utilize  them,  but 
belong  to  all  nations.  Thus,  it  seems  imperative 
that  an  exploitation  regime  be  constructed  that 
will  not  undennine  the  natural  reproductive 
capacities  of  the  ocean  One  more  point  to  be 
stressed  in  this  connexion  is  the  increasing  ex- 
tension of  national  control  over  coastal  waters: 
all  the  natural  resources  of  the  continental 
shelf  waters  arc  now  almost  con.sidered  nation- 
al property.  The  application  of  this  principle 
to  marine  mammals  (which  has  occurred  only 
in  a  few  instances)  permits,  in  many  cases, 
national  ownership  of  populations  of  marine 
mammals  and  will  result  in  changes  in  the 
geographic  distribution  of  national  industries. 
Whether  this  will  lead  to  good  or  bad  results 
depends  primaril\  on  the  economic  level,  and 
orientation,  ol  the  countries  concerned. 

Exploitation  of  the  ocean  has  resulted  in 
severe  reductions  in  the  numbers  of  practically 
all  species  of  marine  mammals  and  some  spe- 
cies have  been  found  to  be  on  the  verge  of 
extinction.  The  question  arises  whether  we 
generally  need  marine  mammals  in  the  ocean. 
What  if  there  had  been  neither  whales  nor 
seals?  To  answer  these  questions,  one  must 
first  consider  the  general  concept  of  the 
inter-relationdiips  between  man  and  the  envi- 
ronment. From  this  consideration,  it  follows 
that  a  reduction  in  species  diversity  in  the  nat- 
ural world  must  be  considered  especially  un- 
desirable and  unprofitable.  Many  arguments 
supporting  this  thesis,  ranging  from  genetic  to 
ptulosophical,  can  be  found  m  the  voluminous 
uterature  on  ecology  and  protection  of  nature. 
As  regards  marine  mammals,  there  are  several 
special  arguments  justifying  their  extreme  im- 
portance to  mankind  and  emphasizing  the 
particular  imdesinibiU^  of  the  disappearance 
of  even  a  few  species.  These  aigoments  include  153 
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the  following: 

1.  The  requirement  for  hi^h  quality  pro- 
ducts of  natural  origin  for  food  and 
other  industries  will  alwavs  exist,  even 
in  the  distant  future.  To  obtain  pro- 
tein produets,  mankind  -  progressively 
growing  in  number  -  will  necessarily 
have  to  utilize  the  resources  of  the 
ocean.  Understanding  that  man  as  a 
biological  organism  must  have  the  full 
set  of  required  proteins  to  maintain  his 
normal  existence,  one  cannot  but  realize 
that  the  possibiHly  of  living  on  Chlorella 
or  any  other  monoculture  is  a  rather 
naive  idea  (for  a  review  of  this  subject, 
see  Pokiovsky,  I97S). 

2.  From  the  general  concept  of  biogeococ- 
nology  and  Vernadsky's  theory  of  the 
biosphere  (Vemadsky.  1926;  Sukachev. 
1967;  Timofeev-Ressovsky,  1974),  there 
follows  an  important  and  sometimes 
underestimated  principle,  namely,  that 
only  complex  natural  communities  pos- 
sess the  necessary  stabihty  for  continued 
existence.  Theoretical  substantiation  of 
this  principle  is  provided  by  the  works  of 
the  mathematicians  Lyapunov  (1963) 
and  Poletaev  (1966).  As  regards  ecologi- 
cal substantiation,  it  is  dear  enough  wim- 
out  the  use  of  mathematics  that  within 
a  biogeocoenosis  (ecosystem)  containing 
numerous  complex  links,  a  temporary 
decrease  in  the  matter  or  energy  flow  in 
one  link  can  be  wmpensated  for  by  an 
increasL-  in  the  others.  If  the  links  are  few 
in  number,  a  break  in  even  one  of  them 
may  resuh  in  a  catastrophe  for  the  bio- 
geocoenosis. The  complexity  of  a  bio- 
geocoenosis depends  upon  the  nurnher 
of  links  in  the  food  cham.  C  ciaceans.and 
pinnipeds  always  occupy  the  upper  tro- 
phic level  and  it  is  their  presence  that 
determines  the  complexity  of  the  marine 
biogeocoenosis.  Their  removal  from  the 
biogeoooenosis  will  necessarily  give  rise 
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ductivity of  one  or  another  trophic  level 
of  the  ocean  and  mav  finalK  lead  to  a 
catastrophe  m  a  commercial  fishery, 
which  is  still  the  main  form  of  utilization 
of  marine  resources.  Thus,  it  is  the  pres- 
ence of  marine  mammals  that  provides 
the  completeness  and  stability  of  the 
biogeocoenoses  of  the  ocean  (for  a  re- 
view of  this  subject,  see  Tomilin,  1971; 
Sokolov,  Tomilin  and  Yablokov,  1974). 

3.  Owing  to  the  high  level  of  development 

of  their  central  nervous  systems,  marine 
mammals  hold  a  unique  position  among 
mammals.  A  high  level  of  sociability  -  a 
feature  rather  rare  in  other  groups  of 
animals  -  was  show  n  to  be  characteris- 
tic of  many  marine  mammals  (Kru- 
shinskaya.  1974).  Therefore,  further  in- 
depth  investigations  into  these  areas  are 
essential  to  the  study  of  the  phent^m- 
enon  of  mind  in  the  evolution  of  iiic. 

4.  Oosefy  related  to  the  preceding  point  is 
the  recreational  role  of  marine  mam- 
mals. This  role  is  increasing  now  and  wUi 
increase  still  further  in  the  near  future. 
In  addition  to  oceanaria.  sea  parks  are  to 
be  established  in  the  future:  these  will  no 
doubt  open  up  new  possibilities  for  man 
to  have  contact  with  marine  animals.  As 
society  continues  to  develop  and  its 
wealth  increases  recreational  problems 
(i.e.,  organization  of  leisure  time  to  en- 
rich our  lives)  become  more  vitaL  Solu- 
tions to  these  problems  are  in  some  ways 
as  important  as  those  of  nutrition. 

it  would  be  a  mistake  to  tbmk  that  those 

small  cetaceans  and  pinnipeds  that  are  kept  in 
captivity  are  the  only  marine  mammals  of  rec- 
reational importance.  Fascinating  observa- 
tions of  wild  groups  of  gray  whales  (Vablc^ov, 
1975).  sea  otters,  and  northern  fur  seals  in 
North  .America,  observations  of  seal  rookeries 
(sealing  grounds)  in  the  Antarctic,  together 
with  the  interesting  studies  of  sperm  miales 
and  fin  whales  in  the  wild  (Cousteau  and 
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Diole,  1975)  demonstrate  dearly  that  the  rec- 
reational opportunities  presented  by  marine 
mammals  are  impressive. 

From  the  arguments  listed  above,  it  is 
evident  that  there  areanumber  ofveasonswhy 
there  will  always  be  a  need  for  the  presence  of 
marine  mammals  in  the  ocean,  today  as  well  as 
in  the  ftiture.  Hence,  the  problem  of  allowing 
marine  mammal  populations  to  recover  and 
recoloni/.e  their  original  ran  tic  increases  in 
importance,  incidentally,  this  consideration  is 
not  confined  to  the  nunme  mammals,  but  also 
appUes  to  terrestrial  mammals,  in  particular 
the  larger  ones. 

Brief  examination  of  the  history  of  man*s 
exploitation  of  the  biosfrfiere  reveals  the  solu- 
tion to  this  problem.  Sevnal  forms  of  exploi- 
tation of  nalur;il  resources  are  known  to  have 
existed  in  the  past,  the  first,  more  primitive 
ones  having  been  successively  superseded  by 
those  more  ingenious  and  beneficial  to  the 
development  of  mankind.  The  initial  forms  of 
more  of  less  modest  exploitation  were  hunting 
and  gathering.  The  period  of  fishing  followed 
next  and  it  then  proved  necessar>  to  establish 
certain  regulations  concerning  the  har\'cst  of 
animals  from  nature.  Ihese  were  mainly 
measures  meant  to  limit  catches  during  the 
reproduction  periods,  sudi  as  protection  of 
spawning  grounds,  bans  on  hunting  during 
(productive  periods,  bans  on  hunting  nursing 
females  and  young,  and  so  on;  all  were  rather 
insufficient.  As  a  result  of  virtually  unlimited 
exploitation,  the  populations  of  large  animal 
species  were  practically  reduced  to  zero:  the 
mammoth,  woolly  riiinoceros,  aurodis,  bisons 
and  other  hoofed  animals,  the  giant  sloth, 
great  auk,  and  manv  others  From  all  of  these 
species,  only  those  domesticated  (il  only  par- 
tially) and  cultivated  were  able  to  survive.  The 
cow.  camel,  yak,  sheep,  horse,  llama,  vicuna, 
Indian  elephant,  reindeer,  and  other  animals, 
together  with  a  wide  range  of  species  bred  as 
sources  of  fur  -  several  dozen  species  —  are 
only  some  of  those  which  have  been  domesti- 
cated in  the  past:  antelopes,  cheetahs,  weasels 
and  others.  In  tiic  future,  all  of  the  biosphere 
be  mamtained  at  a  propa  levd  by  man.  I 


cannot  consider  this  problem  completdy  here 
(Yablokov.  1973,  1975).  but  as  regards  marine 
mammals,  the  only  way  to  conserve  them  in 
the  ocean  is  through  the  organization  of  differ- 
ent fcunns  Of  manne  famung,  that  is,  by  real 
management. 

Farming  or  management  is  the  organi- 
zation of  commercial  exploitation  of  natural 
resources  sudi  that  before  taking  something 
from  nature  one  must  provide  for  enhanced 
reproduction  of  the  resource,  the  amount  of 
produce  tidcen  being  hi  accordance  with  the 
added  amount  reproduced.  Compared  to  fish- 
eries practices,  marine  farming  is  a  higher 
step  in  the  organization  of  natural  resource 
exploitation.  This  transition  -  finom  fisheries 
to  farming  -  is  the  onfy  sure  way  to  presetve 
marine  mammals,  especially  commercial  spe- 
cies in  the  ocean.  For  most  species  of  marine 
mammals,  the  actual  mechanics  of  this  transi- 
tion are  mostly  unknown  at  presen  ( ;  th  erefore, 
it  seems  imperative  that  their  development 
should  become  one  of  the  aims  of  all  future 
long-term  scientific  research  programmes  on 
marine  manunals.  This  means  a  re-orientation 
of  all  commercial  studies:  from  studying 
"where  and  how  to  take  more  and  how  to  use 
the  products  in  tiie  best  way**  to  studying 
'*what  must  be  done  today  to  ensure  the  har- 
vest tomorrow". 

For  whales,  such  practices  may  in  the 
beginning  involve  pasturing  of  individual 
slocks  as  is  done  with  reindeer,  herds  of  horses 
in  the  steppes  of  Kazakhstan,  or  flocks  of 
sheep.  Special  herdsmen  will  look  after  the 
young,  help  the  animals  m  periods  of  bad 
weather  and  poor  food  suppUes,  and  see  that 
the  fodder  areas  are  exploited  more  or  less 
evenly.  Hormonal  stimulation  of  females  may 
be  applied  to  increase  the  reproductive  abih- 
ties  of  the  stod(  (the  percentage  of  barren  fe- 
males is  known  to  be  rather  high  sometimes); 
among  other  things,  some  kind  of  selective 
breeding  programme  might  prove  possible. 
Each  herdsman  will  know  which  and  how- 
many  of  his  animals  can  be  pcriodicallv  har- 
vested from  the  herd  and  still  ensure  repro- 
duction on  an  enlarged  scale.  155 
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Maintenance  of  whales  in  stocks  in  the 
open  sea  mi^ht  not  prove  to  be  the  only  or 
even  die  main  form  of  farming.  There  nave 
been  projects  for  rearing  whales  in  enclosed 
lagoons  of  coral  islands  and  other  natural 
enclosed  water  areas  (Tomilin,  1964).  Suc- 
oessfbl  inter-generic  brosding  in  cetaceans  has 
been  demonstrated  with  captive  dolphins. 
Based  on  rough  estimates,  a  total  har\'est  of  25 
whales  can  be  obtained  from  a  pair  of  adult  fin 
whales  over  20  years  (induiUng  the  third  gen- 
oration);  a  giDup  of  SO  pairs  of  adult  fin 
whales  will  provide  an  annual  harvest  of  25 
whales  provided  that  half  of  the  adult  females 
give  birth  each  year  and  all  of  the  young  sur- 
vive. 

Similar  estimates  illustrating  the  pos- 
sible high  economic  value  of  such  practices  can 
be  given;  diese  economic  possibilities  are  sup- 
ported further  by  the  fact  that  the  reproductive 
rate  of  whales  and  seals  is  as  high  in  some  cases 
as  that  of  cattle.  Additionally,  if  it  proves 
possible  to  achieve  a  predominance  of  females 
in  herds  of  marine  mammals  (as  is  the  case  in 
herds  of  domesticated  large  hoofed  animals), 
the  eiTectiveness  of  such  marine  farming  will 
increase  several-fold.  It  may  be  found  that 
some  species  are  more  easily  domestic.! ted 
than  others;  the  economic  values  of  different 
species  may  also  vary.  Farming  of  right  whales 
will  be  the  most  (Moductive  and  profitable. 

The  formation  of  several  new  herds  of 
Greenland  and  southern  right  whales  from  the 
preserved  animals  presently  counted  in  the 
mere  hundreds  (assuming  that  these  remain- 
ins  animals  could  be  saved),  would  be  a  suc- 
cessful and  rather  impressive  beginning  to 
whale  farming.  Since  tnese  species  are  com- 
paratively sedentary  animals,  shepherding 
would  not  present  any  difficulties  and  it  would 
be  quite  easy  to  organize  the  necessaiy  prepar- 
atoiy  research. 

Domestic  fknning  of  pinnipeds  is  likely 
to  be  much  easier  to  establish,  even  at  the 
present  time.  The  existence  of  lake  forms  of 
seals  (Ladoga,  Baibd  and  Caspian  Sea)  points 
to  dwir  broad  adaptive  possibilities.  Con- 
156    versely,  it  is  known  mat  mortality  in  prenatal 


to  yearling  animals  can  be  enormously  high, 
reachmg  about  30-40  %  in  some  species.  Low- 
ering tms  mortality  rate  would  increase  the 
population  in  a  short  period  of  time.  For  some 
species,  it  would  seem  possible  to  develop 
methods  of  semi-domestication  similar  to  that 
of  marals  (Cemis  elaphus  Mrieus  Sev.)  in  tiie 
Altai  territory  and  in  the  Soviet  Far  East;  no 
doubt,  some  varied  forms  of  fanning  may  be 
found. 

Among  the  Pmnipedia,  northern  fur 
seals  and  harp  seals,  and  sea  otters  among  the 
Camivora.  offer  the  best  possibilities  for 
farming.  However,  much  of  the  scientific 
information  necessary  to  b^in  such  pro- 
grammes is  laddng.  Severe  drops  in  some 
fur  seal  populations  inhabiting  the  USSR,  not 
yet  fully  explained,  should  serve  as  a  proper 
wanung  against  too  ctHnfident  an  attitude  re- 
garding the  status  of  these  ftntffffilif, 

The  aim  of  the  present  paper  is  not  to 
give  any  conclusive  recommendations  on  the 
organization  of  marine  mammal  farming  - 
that  is  a  task  for  a  number  of  research  groups 
-  but  to  illustrate  the  importance  of  this 
interesting  and  promising  area  which  is  liicely 
to  become  the  primary  focus  of  future  research 
programmes  on  marine  mammals.  It  is  pos- 
sible, however,  to  name  some  important  pro- 
blems to  be  encountered  in  the  transition  Irom 
fisheries  to  farming. 

Historical  and  zoogeographical  analysis 
shows  that  several  locations  are  especially 
promising  for  future  farming  programmes. 
Thus,  it  would  be  worthwhile  to  resume  the 
experiments  on  semi-domestic  rearing  of  Pusa 
caspica^  on  the  Caspian  Sea  islands  which 
were  successfully  initiated  by  B.L  Badamshin, 
and  to  consider  the  establismnent  of  a  floating 
station  for  long-term,  continuous  observations 
of  their  gathering  places.  Prospects  for  the 
establishment  of  a  large  research  centre  on  the 
White  and  Barents  Seas  should  be  examined. 
The  rich  marine  mammal  fauna  found  in  this 
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area  not  so  long  ago  leads  one  to  consider 

various  possibilities:  experimental  introduc- 
tion of  walruses,  creation  of  experimental 
hauiing-oul  grounds  for  grey  seals,  continuous 
contact  with  the  White  Sea  stock  of  white 
whales,  and,  of  couise,  the  development  of 
harp  seal  management  fNazarenko,  1975).  1 
think  that  the  acclimatization  of  the  sea  otter 
in  this  area  should  stUl  be  on  the  agenda.  The 
Azov-Black  Sea  basin  is  of  special  importance 
for  the  work  on  3  species  of  dolphins  (Delphi- 
nus  delphis,  Phocoena  phocoena  and  Tursiops 
truncatus):  if  the  dam  in  Kerch  Strait  is  buut, 
what  is  to  be  done  about  the  Azov  Lominon 
porpoise?  The  seas  of  the  Soviet  Far  Last  basin 
are  of  definite  interest.  There  are  some  data 
suggesting  the  existence  of  small  groups  of 
right  whales  in  the  Okhotsk  Sea:  if  confirmed 
these  small  groups  mav  he  large  families  which 
could  form  the  basis  of  a  herd  tended  by  a 
herdsman  (Berzin  and  Kuzmin,  1975),  as 
mentioned  above.  Until  now.  the  unlikely 
supposition  concerning  the  possible  existence 
of  a  small  number  of  Stcllcr's  sea  cows  in 
inaccessible  coastal  regions  of  eastern  Kam- 
chatka has  not  been  in\  cstigated. 

Another  interesting  area  of  marine 
mammal  research  is  the  development  of  ame- 
lioiation  programmes,  le.,  the  broad  improve" 
ment  i^f  areas  having  potential  for  marine 
mammal  tarming.  For  example,  the  possibility 
of  improving  the  autumn  resting  places  of  scab 
on  the  northern  sand  banks  of  the  Caspian  Sea 
should  be  investigated;  perhaps  the  creation  of 
artificial  islands  from  old  ships'  hulls  is  worth 
considering.  Some  successful  practical  projects 
have  alreadv  been  taken  in  this  field,  int  liulinii 
expansion  of  fur  seal  restinj:  and  breeding 
grounds.  A  survey  of  past  programmes  and  ex- 
perience throughout  the  world  would  be 
worthwhile. 

Special  attention  should  be  given  to  a 
detailed  stud^  of  the  role  of  individual  species 
and  populatKHis  of  marine  mammals  in  the 
marine  hiogeocoenoscs.  Present  available  data 
are  msufficient  to  discern  the  necessary  quan- 
titative and  qualitative  roles  of  marine  mam- 
mals in  the  floiH«  of  matter  and  ener^  through 


the  biotic  turnover  of  ocean,  ooastai  and  island 
waters  (Tomilin,  1970). 

Domestication  of  marine  mammals  is 
also  worthy  ol  special  study.  The  ancient 
Greeks  tried  to  tame  marine  mammals  and 
had  some  success.  Semi-tamed  killer  whales 
were  used  by  AustraHan  hunters  for  driving 
humpback  whales  several  decades  ago.  Some 
specimens  of  seab  have  been  tamed  while  still 
in  the  wild.  Recent  work  with  captive  dolphins 
in  ocoanaria  has  generated  great  interest. 
1  rained  dolphms  released  into  the  open  sea 
come  back  on  signal;  sudi  animals  have  been 
uscxl  as  helpers  in  ocean  studies.  Marine 
mammal  domestication  programmes  involve: 
(i)  the  determination  of  species  appearing 
most  adaptable  to  domestication;  (ii)  devel- 
opment of  biotechnical  selective  breeding 
methods,  and  fiii)  creation  of  special  farms 
and  various  experimental  herds,  in  addition  to 
oceanaria. 

At  present,  with  many  researchers 
studying  t1(^lphins.  the  coordination  of  all  ac- 
tivities related  to  the  domestication  of  the 
bottlenosed  dolphin  needs  attention.  As  early 
as  1964.  Tomilin  spoke  about  domestication  of 
this  species  (Tomihn,  1971).  I  his  area  of  re- 
search is  closely  connected  with  special  studies 
on  the  behaviour  of  marine  mammals.  Al- 
though liitic  work  has  been  Larried  out  in  this 
field  (Voronin  et  ai,  1974),  such  behavioural 
studies  would  discern  the  behavioural  controls 
that  are  necessary  and  feasible  for  the  intro- 
duction of  marme  mammals  into  marine 
fanning. 

One  of  the  most  important  areas  of  fu- 
ture research  is  the  study  of  population  struc- 
ture, including  the  determination  of  intra  pop- 
ulation units  (i.e.,  family  units)  and  the  rela- 
tionships among  them.  Because  direct  genetic 
study  of  whales,  dolphins  and  seals  is  nit>silv 
impossible,  investigations  of  population  mor- 
phology would  seem  very  useful.  Research  in 
this  area  should  be  founded  upon  the  concept 
of  phenotypes  -  discrete,  simple  patterns 
exclusive  of  variations.  Useful  application  of 
this  principles  was  made  when  Kleinenbeig  et 
ai  (1969)  found  that  the  Far  East  stock  of  1S7 
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white  whales  differs  from  the  North  Atlantic 
stocks  by  the  frequency  of  division  <>!'  the  4th 
or  5lh  finger.  This  set  of  invcsugaiions  also 
made  it  possible  lo  ducern  family  organization 
of  small  groups  of  Delphinapterus  leucas  (each 
group  includes  one  old  female  and  several  of 
her  female  offsprmg  and  grandchildren).  Re- 
cently, a  similar  research  plan  has  been 
initiated  by  Bcr/in  nn  the  population  mor- 
pholocv  of  sperm  whales,  lie  has  found  that 
within  small  groups  of  sperm  whales,  pheno- 
typic  colour  patterns  arc  often  very  similar.  It 
is  possible  to  determine,  for  example,  the  sis- 
ters and  father  of"  (oetuses.  In  one  harem  we 
now  have  strong  evidence  for  a  single  lather  of 
several  foetuses,  although  several  males  were 
included  in  this  group.  This  points  to  the  pos- 
sibihty  of  using  difTerent  phenotypic  principles 
lo  study  other  cetaceans  and  pinnipeds. 

The  above  list  of  research  areas  should 
not  be  considered  complete.  During  the  tran- 
sition from  hunting  to  marine  farming,  many 
problems  will  arise  requiring  the  special  at- 
tention of  various  experts,  such  as  ecologists, 
morphologists.  geneticists,  fishermen  and 
technologists.  The  extensive  bionic  studies  of 
marine  mammals  being  conducted  at  the  pre- 
sent time  in  many  countries  will  certainly 
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contribute  much  to  the  solution  of  these  prob- 
lems; present  investigations  will  ospeciallv  add 
to  the  development  ot  maintenance  and 
breeding  methods  and  toward  solutions  of  re- 
lated  questions  of  behaviour  and  physiology. 

In  conclusion,  I  would  like  to  present 
some  comparisons  from  history,  in  the  18th 
and  19th  centuries,  systematica  and  faunistics 
were  the  main  fields  of  marine  mammal  re- 
.search.  In  the  first  half  of  the  20ih  centurv. 
ecology  and  fisheries  science  received  the  most 
attention.  At  present,  tnoad  bionic  studies 
prevail,  including  inve^tisiations  on  captive 
maintenance,  and  related  areas  of  behaviour, 
l  unciional  morphology  and  physiology  . 

In  the  near  Aiture  -  the  last  quarter  of 
this  century  -  it  seems  that  research  directly  or 
indirectly  concerned  with  the  prohlenis  of 
passing  from  fishing  to  marine  mammal  man- 
agement, and  especially  farming  will  be  dom- 
inant (e.g.,  studies  of  behaviour,  breeding 
and  conservation). 

I  am  sure  that  consistent  development  of 
the  transition  from  commercial  hunting  to 
farming  will  make  a  great  contribution  to  ge- 
neral animal  science  and  to  our  understanding 
of  the  relation  of  man  to  the  rest  of  the  bio- 
Sphere. 
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Abstraci 

Regular  hunting  by  Eskimos  of  Ihe  western  Aatic  Jx)whead  whale  {Baluena  mysticelus) 
began  on  the  Asian  side  of  Ihe  Bering  Strait  around  500  B.C.;  by  the  year  1200  or  earHcr. 
follow  ini;  an  eastward  migration  of  Eskimos  into  North  America  that  began  by  about  iIk-  uir 
8(X).  Eskimos  from  the  Bering  Strait  to  the  eastern  Beaufort  Sea  were  huniinii  bow  heads, 
lakmg  as  manv  as  sixty  w  hales  each  year  the  species  was  important  as  food  and  as  a  basis  for 
religious  and  artistic:  Iradilions.  This  situation  was  changed  by  the  discover)  by  American 
whalers  in  I'<4S  of  the  Arctic  Ocean  w  haling  groiiiuis  —  in  1850.  more  than  200  ship*-,  mainh 
from  New  England,  were  huntmg  bow  heads  here,  takmg  most  ol  itiem  on  their  southward 
migration  along  northwest  Alaska.  By  the  late  I86()'s.  though  still  dominating  American 
whaling,  catches  of  bowheads  were  declining:  hecau^c  of  o\ erluiiuini:.  .ind  walrus  {Odohemis 
roamanis  diver^ens)  began  to  be  taken  as  well.  I  he  introduction  of  steam  au.\iliar)  vessels  was 
at  first  successful  but  only  further  reduced  the  number  of  whales.  After  a  decline  in  whale  and 
walrus  oil  prices  from  187.5  to  I8S5,  and  a  ri'^e  in  the  \  a!iie  of  baleen,  nearly  20  shore-based 
whaling  stations  —  employing  Eskimos  and  introducing  them  to  the  use  of  the  darting  and 
.shoulder  guns  and  a  cash  economy  —  w  ere  begun  from  1885  to  I  WO  to  catch  die  bow  heads  on 
their  early  spring  migration  northward.  This  fishery,  and  the  last  phase  of  pelagic  whaling, 
from  1890  to  19 lU  in  the  eastern  Beaufort  Sea,  both  at  first  took  many  whales  but  by  1900  the 
size  of  the  bowhead  population  was  seriously  reduced.  More  than  20  000.  and  perhaps  more 
than  .10  000.  whnlev  were  taken  by  the  pelajric  fishery  between  1H4S!  and  1910.  when  the 
industry  was  near  its  end.  1  he  bskmios  were  forced  to  return  to  subsistence  hunting;  between 
1910  and  193S,  crews,  mainly  at  Point  Barrow  and  Point  Hope,  took  10-15  whales  each 
year,  a  vlow  increase  in  the  annual  catch,  intlicating  that  the  piipiilalion  of  whalc^  rii.p.  ''  i-.e 
increased  somewhat  during  this  tmie.  Since  the  mid-sixtics,  with  large  earnings  trom  new 
oonstniction  projects  in  Alaska,  the  number  of  Eskimo  whaling  crews  and  of  whales  taken  has 
increased  greatly  —  during  the  spring  whaling  season  of  1*^77  26  whales  were  killed  ,ind 
landed,  2  lulled  and  lost  and  77  struck  and  lost.  To  determine  whether  the  present  population 
<^  whales  can  tolerate  this  level  of  haiVest  and  what  might  be  the  effects  on  the  whales  of 

ofr-.tioro  oil  ilc\o!opmcni,  it  is  itnportrint  to  know  the  present  si/c  of  the  popul.ilhin  int)  its  si/c 

before  1948.  Problems  with  count.s  trom  the  air  and  the  ice  edge  make  estmiaiion  of  ihe 
present  size  difficult:  however,  compilation  by  computer  of  data  from  logbooks,  accounting 
for  about  20  percent  of  the  voyages  to  the  w  estern  Arctic,  and  of  gross  seasonal  returns  fhim 
shipping  newspapers,  can  give  the  information  needed  on  the  population  before  1848,  as  well 
as  provide  a  model  for  historical  studies  of  other  whale  populations. 

Resume 

La  chasse  rdgulidrc  par  les  Esquimaux  dc  la  baleine  a  fanons  dc  l  Arctique  ouesi 
(B4Uaena  mystketus)  a  commence  sur  la  c6te  asiatique  du  d^troit  de  Bering  vers  500  av.  J.<C.:  163 
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cn  tan  I20ri  Je  notrc6re,ou  nieme  plus  tot.  suivant  une  migration  vers  Test  dcs  Fsquimaux  cn 
Amehquc  du  Nord  qui  oommen^a  vcn>  SOO.  Ic!>  bs<juimaux  chassaicnt  ccttc  bakine  du  detroit 
de  Bering  jusqu'i  Vest  de  la  mer  de  Beaufort,  en  capturant  jusqifa  60  par  an  —  Tesptee  ^lait 
uiip(>rl;inlo  sur  Ic  pl;in  cic  I'alimcntalidn  cl  sur  cclui  dcs  iraclilums  rL-li>;iciiscs  c\  .irlisiiqucs 
Ceue  situation  changea  quand,  en  1848,  les  baleiniers  americains  decouvnrent  le:>  lieux  de 
chasse  de  A  mystieenis.  En  1850,  plus  de  200  bateaux,  provenant  surtout  de  la  Nouvelle- 
Angleterre  y  chassaicnt  la  balcinc  du  Greenland,  en  capturant  la  pkipart  loi-.  de  leur  migra- 
tion vers  le  sud,  Ic  lon^  du  nurd-ouest  dc  I'Alaska.  Vers  la  fin  dc»  anncct  60,  encore  qu'occu* 
pant  une  place  dominante  dans  la  chasse  amiricaine  de  la  baleine,  les  captures  diminuaient 
par  suite  de  surexpit)itation  et  Ton  oommen^a  d  capturer  aussi  le  morse  {Ochhcnus  rosmarus 
Jivf ripens)  L'apparition  de  bateaux  auxiliaires  a  vapeur  permit  des  succ^s  au  debut  mais  ne  fit 
que  reduire  encore  le  ncHnbre  de  baleines.  Apres  le  declin  du  pnx  de  I'huile  de  baleine  et  de 
phoq ue  de  1 875  a  I SK5,  et  une  hausse  de  la  valeur  des  baleines,  prts  de  20  .siatu)ns  de  chasse  a 
la  halcine.  Insi.illOcs  a  terre  -  employant  dcs  Esquimaux  el  Icurapprenant  a  utiliscr  le  dard  et 
le  canon  a  baleine  amsi  qu  a  praliquer  une  economic  basee  sur  la  numnaie  lurenl  creees 
entre  I88S  et  1900  pour  capturer  les  baleines  du  Groenland  lors  de  leurs  migrations  vers  le 
nord  au  diibut  du  printemps  Cette  peche  et  le  dernier  stade  de  la  chasse  balcinicre  pelagique, 
de  1890  a  1910  dans  la  merde  Bcautort.  pcrmirenl  uu  debut  la  capture  de  nombrcuses  baleines 
mais.  en  1900,  la  taille  de  la  population  de  B.  mysticents  itait  sMeusement  rMuite.  Plus  de 
20  000  baleines  -  ft  pfit-ctrt-  plus  dc  ?0  0(K1  f'lirent  captiirces  par  les  pochcries  pelagiques 
entre  1848 et  19IU  et  rinduMne  toucha  a  sa  fin.  Les  E.squmiaux  ont  ete  contrainis  de  revenir  i 
leur  chasse  de  subsistance:  de  1910  k  1965. 35  A  40  Equipages,  surtout  i  Point  Barrow  et  Point 
Hope,  onl  capture  de  10  a  15  baleines  par  an.  un  lent  aceroissement  des  captures  indiquant 
que  la  population  de  baleines  peut  avoir  augnicnie  quekjue  peu  pendant  ce  laps  de  temps. 
Depuis  le  milieu  des  annfes 60,  aveclesimportantsreven UN  prt  venantdes  nouveauv  projets 
de  construction  cn  Alaska.  Ic  nombre  d'equipa^^es  esquimaux  pratiquant  la  chasse  el  le 
nombre  de  baleines  captur^cs  onl  ^andcmeni  augment^  —  au  cours  de  la  campagne  dc 
chasse  du  fMintemps  1977, 26  baleines  ont  M  tuies  et  mises  h  terre,  2  ont  M  tuees  et  perdues 
et  77  ont  Hi  touches  et  pcrducs.  Pour  sa\ oir  si  l;i  population  aclucllc  dc  baleines  peut  tolirer 
ce  niveau  d'exploitation  et  quels  pourraient  etre  les  elTets  du  d^veloppement  de  Texploitation 
olT-shore  du  p^trole  sur  les  baleines.  il  est  tris  important  de  connaltre  la  taille  actuelle  de  la 
population  et  ce  qu'elle  itait  ava n  t  1  "^48.  Les  difficult^  que  prisente  le  recensement  airien  et 
cclui  qui  est  tail  depuis  la  limiie  des  glaces  posent  un  probl^me  pour  Testimation  de  la  taille 
prescntc;  ccpcndant,  la  compilation  sur  ordinaleur  des  donnees  provenant  des  livres  de  bord. 
qui  reppfisentent  environ  20  pour  cent  des  expeditions  dans  I'Arctique  occidental  et  du 
montant  brut  des  profits  des  campaenes  fourni  par  les  journaux  de  la  marine  maielumde.  pent 
donner  les  mlbrmations  rcquiscs  sur  la  population  d'avant  1848  ct  scrvir  de  modcie  pour 
Titttde  htstoiique  d'autres  populations  de  cdtacds. 

Mxttudo 

Los  esquimales  oomenzaron  a  cazar  regularmente  la  ballena  de  cabeza  arqueada  del 

oestc  del  Artico  {Balaena  myxiit  r';i^)  en  el  extremt)  asialico  del  Fstrech<i  de  Bering  alrededor 
del  aiio  5UU  a.  de  J.C.;  por  el  aho  12U0  u  antes,  Iras  la  eniigracion  de  los  esquimales  hacia  el 
este,  para  penetrar  en  Amirica  del  Norte,  emigraci6n  que  oomenz6  hacia  el  aflo  800,  los 
esquimales  que  ^e  enconlraban  desdc  el  Fstrech*;  de  RL-rin^'  hasta  la  parte  oriental  i!l  I  M  ir  de 
Beaufort  se  dcdicaban  a  la  caza  de  ballenas  de  cabeza  arqueada,  llegando  a  capturar  husia  60 
animales  al  aflo.  &(a  espede  era  para  eilos  importante  como  ahmento  y  como  base  de  sus 
Iradiciones  religiosas  y  artistie.is,  l  a  situacion  se  mudifieo  al  desetibrir  Ins  balleneros  anieri- 
canos  en  1848  los  cazaderos  de  ballenas  del  Oceano  Artico:  en  1850.  mis  de  2U0  barcos, 
piooedcntcs  prindpalmente  de  Nueva  Inglaicrra,  cazaban  en  esa  zona  Balaena  mysticetusy 
164    sobre  todo  durante  los  movimienlos  migratorios  de  esas  ballenas  hacia  el  sur,  a  lo  largo  del 
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noroeste  de  Alaska.  A  finales  de  los  afios  sesenta  del  sigk)  pasado.  las  captures  Jc  hallcna  de 
cabc/^  arqucada.  aunquc  seguian  prcdominando  en  el  total  de  las  capturasestadimnidcnses. 
enipezaron  a  disminuir  debido  a  la  explotaci6n  excesiva  y  empez^jron  a  capturarsc  lambicn 
morsas  iOdobenus  rosmarus  divergens).  La  iniroduccion  dc  barcos  auxiliarcs  de  vapor  tuvo 
cxito  al  principio.  pcro  no  hi/"  oris  que  rcducir  el  nuniero  dc  ballciKis.  T  ras  la  di'-mmucion  de 
los  prcaos  del  aceite  dc  hallciia  }  iiiorsa  cnlrc  1875  )  1885  y  el  auiuenlo  del  \aior  de  las  barbas 
de  ballcna,  sc  erearon  enirc  1885  y  1900  unas  20  estactones  balleiwras  en  tierra  (en  la$  que 
trabajaban  c-qulmales.  a  los  que  sc  ensefio  a  unli/ar  c  inonc^  \  osLs>pota*'  ian/a-arpones  \ 
habiluo  a  una  economia  monetaria)  para  capturar  ballenas  Ue  eabe/a  arqueada  al  coniienzo 
de  sus  migracioncs  dc  prima  vera  hacia  cl  nortc.  Tanio  en  esa  pesqueila.  como  en  la  filtima  fase 
de  la  ca/a  prlfiL'ii.  i  dc  h:ilk-nas  en  la  parte  iiriental  del  M.irde  Fk-:iiifort  ftit"-d'.'  1 H90  a  1910).  se 
capturaron  micialniente  muchas  ballenas.  peru  para  l9iAJ  el  vulunien  de  la  publacion  se  habia 
reducido  gravemente.  Entre  1848  y  1910,  cuando  la  industria  se  acercaba  ya  a  su  fin,  se 
capturaron  cn  alia  mar  mas  dc  20  000  \  q-ii/as  mas  de  ?0  000  ballenas.  Ins  esquiniales  se 
vicron  ubhgadoi  a  volver  a  la  ca/a  de  sub.M.steiicia.  tntre  191U  \  1965.  enire  35  y  4U  grupos  de 
Pescadores,  principalmente  en  Pbint  Barrow  y  Poini  Hope,  capturaron  de  10  a  15  ballenas  al 
ano.  \  qui/as  el  lento  aiinu-ni:i  ,1c  1  is  capiuras  anualcs  indique  que  la  pnblacirMi  ha  aiimentadn 
ligcramenie  durante  ese  [icriDdo.  Desde  niediados  de  los  aAos  sesenta.  con  los  ^randes 
beneficios  derivados  de  los  grandcs  proyectos  de construcci6n  en  Alaska,  el  ndmero  dc  gni pos 
de  esquiniales  dedicados  a  la  la/  i  de  ballenas  v  el  nnnnTd  de  ballenas  capluradas  aunienio 
notablemcntc:  durante  la  cainpana  ballenera  de  la  primavcra  de  1977  se  mataron  y  recogieron 
26  ballenas,  se  mataron  y  perdieron  otras  dos.  y  se  htrieron  y  perdieron  77.  Para  determtnar  si 
la  p»iblaei6n  actual  de  ballenas  puede  tulerar  csc  ni\el  de  e\pli -i  icion.  v  que  efeetos  pueden 
tener  para  las  ballenas  las  prospecciones  peirolileras  subiitaruias.  lo  mas  iniporiante  es 
oonocer  el  volumen  actual  de  la  poblaci6n  y  su  volumen  antes  de  1948.  Los  problemas  que 
planica  la  rcali/acum  de  reeuenlos  desde  cl  .ure  \  desde  el  borde  de  los  canipos  de  hielo  hace 
dificU  csiimar  cl  volumen  actual;  sin  embargo,  compilando  cn  compulaUora  los  datos  reco- 
gidos  en  diarios  de  a  bordo  que  cubren  un  20  por  ciento.  aproximadamente.  de  los  viajes 
heclu^s  al  oeste  del  Arlico  y  los  dalos  sohre  li>s  benelleios  brutos  de  las  eanipanas  halleneras 
que  sc  encucntran  cn  algunos  boiclincs  de  oompanias  de  arm  adores,  cs  posible  obtcncr 
infiHrmacito  sobre  el  eitwio  de  ta  poblaci6ii  antes  de  1848  y  preparar  un  roodelo  para  la 
reatizacidn  de  estudios  hist6ricos  sobre  otras  poblaciones  de  ballenas. 


J.  BodMoee 

Whaling  Museum,  Old  Dartmouth  Hislorieal  Society,  i8  Johnny  Cake  Hilt,  New  Be^brd,  MA 
02740,  USA  165 


Copyrighted  matBrial 


J.  BOCKSTOCE 


Today  the  survival  of  the  western  Arctic 
bowhead  whale  (Balaena  mysticeius)*  stands 
in  question;  the  fragility  of  this  population  is 
the  kgacy  of  o\  er-exploitation  by  the  com- 
mercial whalers  of  the  nineteenth  century,  but 
its  future  may  be  decided  by  the  Eskimo  whal- 
eis  of  noiHiem  Akska. 


Hisloiy  of  bowhead  whaling  in  the  west< 
era  Arctic 


Mankind  lias  been  liarvesting  fh>m  the 

western  Arctic  bowhead  population  for  at  least 
the  last  2  500  years.  Around  500  BC  hunters  on 
the  Asian  side  of  Berm^  Siraii  developed  the 
ability  to  hunt  whales  regularly  and  reliably 
through  the  introduction  of  sophisticated  har- 
poon and  drag-float  equipment  from  farther 
south  and  west  on  the  coast  of  Asia  (Bockstoce, 
1973).  But  it  took  another  thousand  years  or  so 
for  iniensivc  whaling  to  spread  from  there  into 
northwestern  Alaska,  probably  because  of 
slow  growth  in  Eskimo  populations  and 
inconducive  climatological  faclofs.  Neverthe- 
less by  about  AD  800  Eskimos  ancestral  to 
today's  population  in  northern  Alaska,  Cana- 
da, and  Greenland  carried  the  practice  with 
them  as  they  spread  eastwards  across  the 
North  American  Arctic  (Bockstocc,  1976),  and 
by  AD  1200  or  earlier  Eskimos  from  the  Bering 
Strait  region  to  the  eastern  Beaufort  Sea  were 
hunting  the  western  Arctic  bowhead  with 
much  the  same  methods  and  technolo^  tliat 
would  survive  until  today. 

Using  toggling  headed  harpoons  that 
trailed  long  lines  and  towed  several  inflated 
sealskin  drag-floats,  each  year  these  Eskimo 


■  The  bowhead  pupulation  of  North  America's  western 

Arctic  is  commonly  and  erroneously  referred  lo  as  "Berinn 
Sea"  population.  This  term  is  misleadmj:.  Cor  ihcsc  whales 
spend  .1  L'reaier  ami)unt  of  lime  north  of  iierini;  Strait,  in  the 
Chukchi  and  Bcaulori  Sea  -  where  thc\  ii  ivr  been  reported 
throughout  the  waters  of  both  -  than  it..\  di  in  the  Bering 
Sea.  where  Huy  are  only  found  in  its  northern  half. 


whalers  may  have  taken  as  many  as  sixty 
whales.  Because  of  the  enormous  amounts  of 
food  and  raw  materials  derived  from  these 
animals  -  up  to  fifty  tons  in  a  large  whale  - 
the  N'jwhead  was  central  to  Eskimo  culture, 
both  calorificallv  and  spiritually,  and  the  hunt 
was  sunoimdeo  by  a  complex  and  sophisti- 
cated body  of  practices.  In  some  particularly 
fortunate  areas,  such  ;is  Point  Hope  and  Point 
Barrow,  the  whaic  harvest  was  so  bountiful 
that  nearly  half  the  winter's  food  supply  could 
be  gathered  from  8  weeks  of  whaling  and  some 
walrus  hunting;  that  is,  half  the  winter's  food 
was  taken  in  less  than  one  quarter  of  the  win- 
ter. The  resulting  surplus  for  these  societies 
contributed  to  the  development  of  rich  artistic, 
religious  and  nmhological  traditions  (Bock- 
stoce,  1976;  Rainey,  1974). 

These  whaling  societies  existed  in  har- 
mony with  their  ecosystem,  but  the  harmon\ 
was  shattered  forever  when  in  1848  Capiam 
Thomas  Roys,  a  Yankee  whaleman  from  Sag 
Harbor,  Long  Island,  sailed  through  the  Ber- 
ing Strait  and  discovered  the  rich  whaling 
grounds  in  the  Arctic  Ocean,  lie  found  the 
bowheads  there  lo  be  fat,  docile,  and  valuable, 
yielding  an  average  of  ICQ  barrels  of  oil  (each 
barrel  was  3!'-  irallons)  and  2  000  pounds  of 
baleen  per  animal.  Roys  quickly  filled  his  ship 
and  departed  for  Hawaii  to  trumpet  his  disco- 
veiy.  His  report  quickly  set  off  a  stampede  of 
vessels  to  the  western  Arctic;  in  fact,  the  results 
of  the  1849  season  were  so  good  that  in  1^50 
more  than  200  ships  were  cruising  in  those  icy 
seas,  and  they  quickly  established  a  routine  of 
voyaging  that  would  characterize  the  earlier 
phase  of  this  whaling  industry. 

Sailing  from  me  «1ialing  ports  of  New 
England*  in  the  autumn,  they  rounded  Cape 
Horn  in  the  southern  summer,  and  after  a 
short  cruise  on  the  west  coast  of  South  Ameri- 
ca, or  on  Baja  California,  or  in  the  central 


'  In  (he  l95U's  a  small  number  of  vessels  also  sailed 
from  Lon^  Isl.ind  and  Australian  ports  as  well  $$  fYooi  Bre- 
men,    Havre,  Honolulu,  and  a  few  other  places. 
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Pacific,  they  reached  Hawaii  in  Maidi  to  take 

on  provisions  for  their  northern  cruise.  Enter- 
inn  (he  Bering  Sea,  they  would  reach  its  re- 
treating ice  floes  about  llie  first  of  May  and 
then  work  their  way  northward  through  tiie  ice 
along  the  Asian  shore,  occasionally  taking  a 
few  whales.  Bv  then  though,  the  bulk  of  the 
whales  would  already  have  passed  northward 
into  die  impenetrable  ioe  of  Bering  Strait  and 
the  Chukchi  Sea  on  their  way  around  Point 
Barrow  to  the  summer  feeding  erouncis  near 
the  Mackeiuie  River  delta  m  the  eastern 
Beaufort  Sea.  By  the  middle  of  June,  when  the 
ships  reached  Bering  Strait  through  the  melt- 
ing ice.  most  of  the  whales  were  a  thousand 
miles  beyond  them,  sale  amid  the  tastnesses  of 
the  polar  ice  pack.  With  little  hope  of  finding 
the  whales  again,  until  the  ships  could  reach 
Point  Barrow  and  intersect  the  bowheads  on 
their  return  migration,  the  whalemen  would 
put  mto  Port  Clarence,  a  ^adous  and  secure 
harbour  near  Bering  Strait,  to  rest,  repair,  and 
trade  with  the  natives. 

By  the  late  1860's  however  -  although 
the  importance  of  the  western  Arctic  domi- 
nated American  whaling  activities  the  ships 
had  made  sufTicient  inroads  on  the  whale  pop- 
ulauon  that  catches  were  declining,  and  ilie 
whalemen  often  turned  to  taking  walrus 
(Odobenus  rosmarns  divergens)  for  their  oil  in 
the  "middle  season",  before  the  ships  could 
reach  Point  Barrow  and  the  bowheads  again. 
Between  about  1868,  when  walrus  hunting 
began  in  earnest,  and  about  1880.  when  oil 
prices  slumped  dramaticallv  and  ended  the 
slaughter,  it  is  likely  that  more  than  100  000 
walrus  were  taken. 

I8S0.  in  fad.  became  a  pivotal  year  for 
western  Arctic  w  haling,  dictating  the  character 
of  its  later  phase.  The  decade  from  1875  to 
1883  was  marked  by  a  steady  decline  in  whale 
and  walrus  oil  prices  -  pressed  by  cheaper 
petroleum  and  fish  oils  -  and  a  steeper  rise  in 
the  value  of  baleen  which  was  in  increasing 
demand  from  the  fodiion  industry  for  use  in 
skirt  hoops,  corset  stays  and  other  goods;  in 
those  ten  years  the  price  of  a  pound  of  baleen 
rose  from  just  over  USS  1.00  to  about  USS3.50. 


But  the  bowheads  had  already  been  signifi- 
cantly reduced  in  number,  and  the  industry's 
response  was  to  introduce  steam  auxihar)' 
vessels  which  could  manoeuvcr  with  greater 
ease  amid  the  dense  ioe  floes  and  thus  follow 
the  whales  into  their  retreats.  Initially  the 
steamers  met  with  great  successes,  but  this 
innovation  only  hastened  the  reduction  of  the 
bowhead  population  —  and  the  demise  of  the 
industry  (Bockstoce.  1977). 

Despite  tlic  immediate  profltabilitv  of 
the  steamers,  the  whaimg  merchants  were 
alive  to  the  fact  that  the  greater  proportion  of 
the  w  hale  population  was  still  able  to  elude  the 
ships  because  of  its  early  spring  migration 
along  the  coast  of  northwestern  Alaska.  Con- 
sequently between  1885  and  1900  nearly 
twenty  shore-based  whaling  stations  -  some 
verv  short-lived  -  were  established  on  the 
whales"  migration  path  to  hunt  them  in  the 
Eskimo  fauiion.  Like  the  steam  vesseb,  the 
stations  were  quickly  successful,  hut  equally 
important  -  and  unlike  the  steamers  -  they 
were  cheap  to  operate.  Their  eltccts  were  im- 
mediate and  far-readiing  to  both  die  whales 
and  the  Eskimos.  First,  the  stations  served  to 
reduce  further  the  number  of  bowheads  by 
increasing  the  number  of  crews  hunting  them 
three-  or  four-fold  above  the  level  of  aborig- 
inal Eskimo  hunting;  second,  because  most  of 
the  crews  were  hired  from  among  local  Eski- 
mos, the  stations  ended  the  thousand-year 
aboriginal  whaling  pattern,  drawing  the  Eski- 
mos inexorably  into  a  cash  economy  and  ac- 
quainting them  with  the  use  of  the  darting 
gun  and  shoulder  gun.  For  a  short  time  these 


'  The  darting  gun  and  shoulder  gun  were  developed  in 
the  aineiccniii  ceaSm  by  American  whalemgn  tocatdcwwi  on 
the  Ion  of  wounded  bowheads  that  often  escaped  into  the  ice 

pack  lowing  lines  and  gear:  because  ihcy  were  much  mure 
cITcciive  than  iheir  forerunners,  hand  lances,  they  were 
quickly  adopted  bv  the  Eskimos.  The  darting  gun.  mounted  at 
the  end  of  the  harpoon  shaft,  with  the  harpoon's  toggle  iron 
beside  it,  was  designed  to  fire  a  small  bomb  -  set  to  explode  a 
few  seconds  later  -  into  the  whak  simultaneously  as  it  was 
simdc  with  the  iron:  the  shooMer  gun.  a  diir^-nve  pound 
brass  smooth-boie,  oould  fiie  a  simibr  bomb  throttgh  the  air 
aocuralelyfipom  as  fhr  as  alwttt  ten  meters.  167 
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shore-based  operations  greatly  increased  the 
number  of  bowheads  being  taken,  but  by  1900 

die  bowhcad  population  had  been  cut  to  the 
quick  and  these  high  catches  were  short-lived. 
It  is  likel)  that  about  I  UOO  whales  were  killed 
by  shore  whaleis  from  1880  to  1910. 

The  last  phase  of  pelagic  whaling  activ- 
ity for  the  western  Arctic  bowhead  took  place 
between  1890  and  1910  in  the  waters  of  the 
eastern  Beaufort  Sea  near  the  MadLenzie 
River  delta.  In  1890  an  American  whaleman 
returned  to  Point  Barrow  from  having  spent 
the  winter  in  the  delta  and  reported  seeing 
Isagt  nimibeis  of  whales  feeding  there  in  the 
summer;  immediately  a  fleet  of  steam  whalers 
forced  their  way  east  and  confirmed  his  story. 
The  whalers  expected  to  make  large  catches 
there  but  realized  that  because  they  were  so  far 
from  their  home  port.  San  Francisco,  they 
would  have  to  winter  in  the  Arctic  to  avoid  the 
lune-consuming  trip  during  the  short  whaling 
season.  At  the  start  they  took  a  great  number 
of  whales,  but  the  whale  population  had  al- 
ready been  so  sevcrcK  reduced  that,  even 
though  the  whalemen  pushed  on  to  the  extre- 
mities of  the  Beaufort  Sea,  the  great  returns 
quickly  ended  (Bocksioce,  1976,  1977.,). 

Curiously  enough,  it  was  the  whales' 
very  scarcity  that  ultimately  saved  them  from 
extmction.  It  is  probable  that  more  than  20  000 
-  possihh  more  than  30  000  -  whales  were 
taken  by  the  pelagic  fishery  between  1848  and 
1910.  As  ihe  stock  of  bowheads  was  reduced, 
the  greater  rarity  of  baleen  drove  the  price 
higher  and  higher,  until  spring  steel,  a  cheap 
substitute,  was  introduced,  driving  the  price  of 
baleen  from  US$5.00  per  pound  to  less  than 
USSaSO  within  3  years.  By  1910  most  of  the 
shore  stations  had  been  closed,  and  all  that 
remained  of  the  American  whalmg  fleet  in  the 
western  Arctic  were  a  few  ships  going  north 
primarily  for  the  fur  trade  (  Bocksloce,  1977). 

For  the  E.skimos  the  collapse  of  the 
whaling  industry  meant  the  end  to  cash  em- 
ployment or  subsidies  for  their  whale  hunt  and 
forced  a  return  to  subsistence  hunting,  the 
third  phase  in  the  historv  of  Fskimo  whaling. 
As  always,  the  Eskimos  depended  on  the 


whale  for  its  great  yield  of  food  and  raw  ma- 
terials; but,  lacking  any  substantial  cash  sup- 
port, the  number  of  whaling  crews  shrank  back 
to  about  the  level  it  had  been  in  the  aboriginal 
phase.  From  1910  to  1965  only  about  10  to  15 
whales  were  taken  annually  in  Alaska;  the 
number  of  whaling  crews  also  remained  rela- 
tively steady:  roughly  20  at  Point  Barrow,  10 or 
12  at  Pomt  Hope,  4  or  5  at  St.  Lawrence  Island, 
1  or  2  at  Wainwright,  and  occasionally  1  or  2  at 
Wales  or  Kivalina.  Since  the  whale  now  tkttd 
no  great  cash  value  and  whaling  equipment, 
particularly  shoulder  guns  and  darting  guns, 
was  scarce  and  expensive,  it  became  dimcult  to 
start  new  whaling  crews.  To  start  a  new  crew, 
and  thus  attain  the  prestigious  positic^n  of 
whaling  captam,  a  young  man  usually  had  3 
options  open  to  him:  to  inherit  his  whaling 
equipment,  to  many  into  it,  or  -  less  oom- 
monly  -  to  gain  great  wealth,  enough  to  pur- 
chase it. 

Judging  from  the  numbers  of  whales 
taken  since  1910,  It  seems  that  the  reduction  of 
hunting  pressure  eventually  allowed  the  bow- 
head  population  to  increase  somewhat.  With- 
out a  significant  increase  in  the  number  of 

crews  the  Alaskan  Eskimo  catch  inched  up 
from  an  average  of  about  10  per  year  to  about 
15  per  year  between  1910  and  1965. 


iVludem  e^imo  whaling 


The  relatively  steady  level  of  the  liunting 
effort  characteristic  of  the  subsistence  phase 
ended  about  l%S  when  the  number  of  whal- 
ing crews  began  to  increase;  this  change 
ushered  in  the  fourth  and  present  phase  of 
Eskimo  whaling.  Since  the  mid-i960"s  the 
increasing  tempo  of  construction  projects  in 
Alaska  has  made  a  seller's  market  for  labour- 
ers. Unskilled  and  semi-skilled  labourers  can 
now  amass  several  thousand  dollars  (after 
taxes)  in  only  a  few  months'  work.  Today, 
though  a  well-equipped  whalinc  captain  may 
have  US$8  000  or  US$9  000  invested  in  his 
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outfit  and  will  require  at  least  USS2  000  more 
for  food  and  other  expendable  goods,  such 
sums  are  well  within  the  reach  of  any  energetic 
and  ambitious  wofker.  The  number  of  whaling 
crews  has  increased  dram;itically:  in  1976  it 
approached  twice  the  number  that  were  active 
in  the  early  1960's.  Most  important,  with  the 
rise  in  crews  has  oome  a  dnunatic  rise  in  die 
number  of  whales  killed.  In  1974  20  whales 
were  killed  and  butchered.  3  were  killed  but 
lost,  and  at  least  28  were  struck  but  lost.  In 
1976,  48  were  killed  and  butchered,  8  killed 
but  lost,  and  at  least  35  were  struck  but  lost. 
With  the  autumn  whaling  season  stil!  to  come, 
in  1977  26  whales  had  been  killed  and  but- 
chered, 2  killed  and  lost  and  77  struck  and  lost. 


RecoumMnded  acdons 


The  recent  level  ol  the  Eskimo  bowhead 
kill  has  caused  much  popular  outay  through- 
out the  world  that  the  take  is  excessive,  ques- 
tioning: whether  the  bowhead  population  — 
still  severely  reduced  below  pre- 1848  —  can 
tolerate  su(^  intense  pressure.  As  this  paper  is 
being  written  (August  1977)  the  i.ssue  of  whe- 
ther or  not  the  Eskimo  whale  hunt  will  be 
allowed  to  continue,  whether  the  USA  will 
accept  the  decision  or  the  June  1977  Meeting 
of  the  International  Whaling  Commission  that 
no  bowhcads  be  killed  in  the  1977/78  season, 
is  still  unresolved.* 


*  Ediior's  note.  In  Deteniber.  al  a  Special  Mcctinj:  ofihc 
Intcraational  Whaling  C  ommission,  ihc  IWC  agreed  a  quota 
of  12  bowheads  landed  or  18  struck,  vvhichever  occurred  fir^it. 
for  ilu-  l^TS  spnng  hum  in  Alaska.  A  resnkniini  w.is  also 
passed  urgmi:  control  on  hunting  techniques  and  equipment. 
IcilUn^  or  .sinking  <'l  c.iK  esand  females  with  calves;  calling  for 
a  review  of  (he  twwhcads'  status  in  June  I07K  in  the  light  of 
inTonnalkni  resulting  from  the  USA's  proposed  research 
programme,  with  a  vtew  lo  establishing  regulations  based  on 
the  advice  of  the  Scientific  Committee  (of  the  IWC),  which 
should  include  comnu-niN  on  risks  .issociated  with  dinVrcnt 
leveU  of  removals  from  the  slock;  urging  that  reduction  in 
take  of  bowheads  should  not  significantly  afftci  die  take  of 


But  beyond  the  questions  of  politics  and 
beyond  the  questions  of  how  best  to  regulate 
the  Eskimo  hunt  lies  what  is  surely  the  central 
question:  the  present  size  of  the  western  Arctic 
bowhead  population  and  its  pre- 1848  size. 
Because  ot  our  profound  lack  ot  knowledge  of 
this  whale  and  this  population,  all  attempts  to 
estimate  its  size  come  near  to  being  guesswork; 
furthermore,  aerial  sur\'eys  and  ice  edge 
counting  have  been  seriously  hampered  by 
problems  of  poor  visibility  and  by  the  more 
fundamental  question  of  what  percentage  of 
this  population  the  assessors  have  counted.  In 
the  short  term  these  censuses  are  useful  for  (he 
most  part  only  in  comparison  with  other  an- 
nual censuses;  it  will  probably  require  at  least 
a  decade  before  the  body  of  these  data  can 
have  real  estimative  value.  Regrettably,  the 
issue  will  not  wail  for  a  decade.  Not  only  the 
demands  of  the  Eskimo  hunt  but  also  the  im- 
petus for  ofT-shore  oil  development  in  the 
Bering,  Chukchi  and  Beaufort  Seas  require 
quick  estimates  of  the  population  size  as  well 
as  delineation  of  critical  habitat  areas. 

I  believe  that  the  only  way  to  gain  infor- 
mation on  the  pre- 1848  population  level  - 
and  It  would  be  both  quick  and  relatively 
inexpensive  —  is  throu^  a  compilation  of 
data  from  historical  sources,  for  a  rich  and 
untapped  source  of  information  on  the  west- 
ern Arctic  bowhead  exists  in  whaling  log- 
books and  other  records  of  the  industry.  There 
arc  about  400  extant  logbooks  spanning  the 
histop.  ol  this  whaling  industry',  and  they  give 
inlorniatiun  on  about  600  April-to-October 
voyages  to  the  western  Arctic,  covering  about 
100  000  days  of  obscn  ations.  In  most  cases  the 
following  information  was  recorded  for  each 
day:  vessel  position  (in  latitude  and  longi- 
tudeX  visibili^,  current,  and  sea,  ice  and  weather 


beluga  whales;  and  ureing  that  all  neoessanr  measures  be 
taken  to  preserve  the  habiiai  ofbowhead  and  behiga  whales. 

The  clause  on  protection  ofhahitat  was  prompted  by  the 
possible  deleterious  effects  of  future  oil.  gas  and  mineral  ex- 
pioitaliiin  in  the  Arctic 

^  For  suKgeslions on  possible  regulaiiuns  see  Bocksloi:e, 
IJ77b.         ^  t--  t> 
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conditions.  When  whales  or  walrus  were  ob- 
served, the  time,  their  species,  their  numbers 
and  their  direction  of  travel  were  usually 
noted,  and  if  a  kiU  was  made,  the  size  of  the 
animal  (expressed  in  pounds  <^  baleen  and 
ivory  and /or  barrels  of  oil)  was  recorded.  Such 
information  can  be  relatively  easily  transfer- 
red to  a  computer  punch-card  and  then  stored 
in  a  retrieval  system. 

The  daily  information  from  logbooks, 
which  accounts  for  about  20  %  of  all  whaling 
voyages  to  the  western  Arctic,  can  then  be 
amalgamated  with  information  on  the  gro<vs 
seasonal  returns  from  virtually  all  whaling 
voyages,  drawn  from  the  various  shipping 
newspapers  published  in  New  Bedford,  San 
Francisco,  Hawaii  and  elsewhere.  Thus  an 
estimate  can  be  constructed  by  mathematical 
methods  to  delineate,  among  other  things,  the 
pre- 1848  population  size,  its  annual  changes, 
migration  patterns^  and  feeding  and  breeding 


areas  (Bockstoce  and  Botk in,  1976).* 

It  is  unfortunate  that  the  western  Arctic 
bowhead  is  one  of  the  few,  if  not  the  only 
whale  population  which  will  lend  itself  to  such 
a  study.  Similar  studies  of  other  great  whale 
populations  will  be  hampered  either  because 
they  are  wide-ranging  (as  with  sperm  whales) 
or  because  data  is  poorly  recorded  (such  as  the 
early  bowhead  fisheries  in  the  waters  adjacent 
to  the  North  Atlantic)  Thus  the  historical 
Study  of  the  Western  Arctic  bowhead  has  this 
further  signifieanoe  —  its  results  will  generate 
information  that  may  be  apphed,  by  compari- 
son, to  other  great  whale  populations,  for 
which  such  detailed  information  is  not  avail- 
able. 


*  tldiior's  mile.  In  March  1978  i(  was  slill  uncerlain  lo 
vvhiit  extent  the  f  skmios  would  ohvcrAc  ihc  IV\('  regulations. 
The  National  Marine  Fisheries  Service  indicated  it&  willing- 
ness lo  flind  the  proposed  siudy. 
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THE  HUMPBACK  WHALE: 

PRESENT  KNOWLEDGE  AND  FUTURE  TRENDS  IN  RESEARCH 
WITH  SPECIAL  REFERENCE  TO  I  HE  WESTERN  NORTH  ATLANTIC 


li.E.  Winn  and  GJ*.  Scorr 


Abtoaei 

Eleven  "prime  w  orld  populations"  of  humpback  whales  { Mciiupivra  novaean^iae)  am 
be  fOOOgnized.  It  uiHild  be  wortlu^liilc  lo  csiimale  their  oriuina!  size  and  compare  these  to 
estimates  of  iheir  present  sizcN  and  to  idenlifv  slocks  wiihin  these  populations.  Slocks  can  be 
identified  through  studies  of  density  distribution,  migratory-  routes,  possible  song  dialects  and 
differences  in  coloraiit-in  (cspecialK  c^n  the  dorsal  sides  of  flippers),  morphomctrv  and  externa! 
lagging;  biochemical  analyses  can  be  used  over  a  longer  period  of  lime.  I  here  are  2  subsi- 
stence fisheries  for  bumpbadc  whales  in  the  western  North  Atlantic.  About  4  animals,  mainly 
mothers  and  calves,  are  taken  each  year  in  Requia,tn  the  Lesser  \ntilles  fr:  n-  population  of 
perhaps  less  than  lUU  animals.  ThLs  catch  may  prevent  it  from  increasing  in  size.  A  siochastic 
Schaefer  model,  in  which  growth  in  abundance  is  exponential  and  reproductive  and  natural 
mortalitv  rales  (derived  from  other  pi>pula[ii)ns)  are  constant,  can  be  used  to  describe  this 
ti&hery.  Up  lo  10  humpbacks  are  taken  oil  the  west  coast  of  Greenland  each  year.  The 
ecological  characteristics  of  the  tropical  breeding  grounds  of  humpbadc  whales  and  the 
relation  of  them  to  original  and  present  pcipulation  sizes  should  he  de-crihed.  The  energetics 
ol  the  .species,  cspcciall)  in  relation  to  abundance,  social  behaviour  and  migration,  should  be 
investigated.  Historical  studies  may  be  important  to  several  areas  of  research  on  this  species. 
Interference  b\  man  with  humpback  whales  and  pressure  to  hunt  them  will  prnhab!\  increase 
in  ihe  future,  especially  as  the  number  of  whales  grows  larger.  Plans  lor  sensible  cxploiiaiion 
and  for  the  establishment  of  sanctuaries  should  be  made  in  time. 

Oil  pout  distinguer  onze  «  p*>pulations  ori^'incllcs  ->  dc  nicL'aptcTcs  (  M,'mipii  rii  lut- 
vaeangitae).  11  pourrail  £lrc  utile  d'cstimcr  Icur  laillc  onginalc  ct  de  la  comparer  aux  esiima- 
tions  de  leur  taille  prisente  et  d*identifier  les  stocks  au  sein  de  ccs  populations.  Les  stocks 

peuveni  elrc  identines  par  reludc  de  la  distribution  tic  la  dcnsiic.  Ic  chemin  des  migratii>ns.  les 
dialectes  evcniucls  de  sons  cl  \es  dilTcrcnccs  de  coloration  (spccialcmcni  sur  la  face  dorsalc  dcs 
nageoires),  la  morphom^e  et  le  baguage  ext6rieur:  les  analyses  biochimiques  peuvent  £tre 
utilisees  sur  une  plus  longuo  pcriode  de  temps.  II  existc  dcu\  pcchcries  de  subsistance  des 
megapieres  dans  I'Ailaniiquc  nord-ouesL  Environ  4  animaux,  surtoul  dcs  meres  et  des  balei- 
neaux,  sont  captures  chaque  annie  h  Bequia.  dans  les  Petites  Antilles,  sur  une  population 
peut-^tre  inf(5ncurc  a  1(K)  animaux  ("cs  captures  pcu\cnl  I'empechcr  dc  croltrc  en  laillc  1  'n 
module  stocliaslique  dc  Schaefer.  dans  lequel  la  croissance  de  I'abondance  esl  exponenlielle  el 
les  taux  de  reproduction  et  de  moilaliti  naturelle  (tir£s  d'autres  populations)  sont  constants, 
peut  itte  utilisi  pour  dtoire  cetie  p£cherie.  On  capture  jusqu*i  10  m^aptires  par  an  au  large  171 
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de  la  cdie  ouest  du  Greenland.  Lcs  caract^risuqucs  eculugiques  des  terrains  dc  rcpn^duction 
tropicaux  des  megapieres  ct  leur  relalion  avec  les  laillcs  de  populaiion  originalcs  et  presenies 
devraieni  Stre  d^crites.  Les  caracteristiques  energetiques  de  Tespece.  specialement  en  rappori 
avec  I'abondance.  le  comporiement  swial  et  la  migraiion.  dcvraieni  faire  Tobjei  de  recher- 
ches.  Les  itudes  historiques  pourraient  cire  im pommies  pour  plusieurs  sectcurs  dc  recherche 
rchuifs  ceUe  espccc  I  cs  inicrfcrcnccs  dc  rh<imme  avec  lcs  mcgaptcrcs  cl  lcs  prcssion"; 
cxcrcecs  pDur  les  chassci  aiiiimcnicruni  probablemeni  dans  ravenir.  specialement  a  mesure 
que  Icur  nombrc  s  accroit.  II  convicndraii  d'6tablir  en  lemps  opponun  des  plans  relatifs  i 
rexploitation  raiionnelle  et  a  la  creation  de  sanctuaires. 

Extraeto 

Sc  dulingucn  1 1  «  poblacioncs  mundiales  primahas  »  de  ballcna  jorubada  (Megapiera 
tiovaeangHae).  Valdrta  la  pena  esiudiar  el  volumen  original  de  cada  una  de  esas  poblaciones  y 

comparario  con  las  estimaciones  de  su  volumen  actual,  e  identificar  los  crupos  existcnies 
dentro  de  esas  poblaciones.  Los  grupos  pueden  individuarse  estudiando  la  distribucion  de 
densidades,  las  rutas  que  los  animales  siguen  en  sus  migraciones,  los  posibles  dialectos  en  los 
sonidos  que  emiten,  las  diferencia'>  en  la  coloracion  (especialmente  en  la  parte  dorsal  de  las 
alctas)  y  la  morrometria,  o  con  cl  cmpico  dc  marcaj>;  pucdcn  ulduarse  lambito  anilists 
bioqufanicos,  a  lo  largo  de  un  periodo  mis  protongado  de  tiempo.  En  el  noroeste  del  Atlintico 
hay  dospesquertasdesubsisleiiciade  ballcna  Jorobada.  Rn  Bcquia.  cn  las  Antillas  Menores.se 
capturan  anualmenle  alrededor  de  cuatro  animales,  sobre  lodo  hem  bras  pandas  y  cachorros. 
frente  a  una  pt^blacion  qui/as  inferior  a  100  animales.  Quizas  eslas  capluras  impidan  que 
aumenle  el  volumen  de  la  poblacion.  Para  dc^Ltihir  esta  pcsqueilapucdeutUizarse  un  nu  dcLi 
estocasiicii  dc  Schacfcr.  cn  cl  que  cl  aunicnio  dc  la  ahundancia  es  exponencial  \  cl  indicc  dc 
rcproduccion  y  la  mt^rtalidad  natural  son  conslanlcs  (dcrivados  de  otras  poblaciones).  Frcnie 
a  la  costa  occidental  de  Groenlandia  se  capturan  todos  los  aAos  hasta  10  ballenas  jorobadas. 
Es  preciso  describir  las  caracteristicas  ecologicas  de  los  criaderos  tropicalcs  de  Ixillenas 
jorobadas  v  su  relacion  con  cl  \i>iumen  original  de  la  poblacion  y  con  su  volumen  [>.iual.  Es 
preeiso  cstudiar  tambien  la  energeiica  dc  la  especie.  particularmente  en  rckuinn  con  la 
abundancia.  cl  comportamicnio  st)cial  v  los  movimienlt>s  migratorios.  Los  csiudios  histiSricos 
pueden  ser  imp<irlanles  en  varios  sectores  de  las  mvcsiigacioncs  sobre  esia  especie.  La 
interfeiencia  del  hombreoon  estas  ballenasysuexplotacion  aumentaran  probablementeen  el 
futuro,  especialmente  a  mcdida  que  aumentc  e!  niimero  de  balleiias.  Es  preciSO  prcparsr  8 
tiempo  planes  para  explotarlas  racionalmente  y  establecer  santuanos. 
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Conlhmtatioii  between  man  and  the 

humpback  whale  {Megaptera  ru>vaeangliae) 
may  be  expected  to  increase  as  humpback 
numbers  grow  and  as  man's  activity  on  the 
continental  shelf  also  increases.  Certain  acti* 
vities  affect  humpbacks  dircctlv.  such  as  high 
speed  boats  crossing  the  mating  grounds  in 
Hawaii,  oil  wells  being  drilled  oil  Angola  and 
at  least  3  mibsistence  level  fisheries  (Bequia, 
Tonga,  Greenland).  Other  effects  will  he  indi- 
rect such  as  pollution  and  the  harvesting  of 
whale's  food. 

The  international  regime  is  changing,  as 
many  nations  claim  their  200  mile  economic 
zones,  within  which  all  important  humpback 
calving  areas  are  likely  to  lail.  While  the 
International  Whaling  Commission  (IWQhas 
some  control  over  humpback  take  by  member 
nations,  a  number  of  countries  whose  activities 
affect  humpbaclis  do  not  belong  to  the  IWC. 
Clearly,  intemationa]  control  of  all  humpback 
populations  is  the  only  eventual  answer  for  the 
conservation  of  this  species. 

It  is  wise  to  be  prepared  lo  predict  the 
numbers  of  animab  that  could  be  taken  at 
levels  that  would  allow  the  most  efTicient  sus- 
tainable yields  while  allowing  for  other  fac- 
tors such  as  increased  incidental  mortalities 
due  to  man's  activities.  The  posstbiUty  exists 
that  the  humpback  may  be  exploited  again,  as 
the  more  reduced  populations  hopefully 
increase.  Certainly  there  are  pressures  for  reo- 
pening humpbadk  exploitation  in  some  na- 
tions. 

A  more  critical  definition  of  stock  struc- 
turing is  required  il,  in  the  future,  we  are  to 
manage  this  species  better.  Closer  examination 
and  correlative  analysis  of  existing  data  such 
as  density  distribution  records,  stranding 
information  and  historical  catches  will  aid  in 
such  definition,  bistitution  of  research  pro- 
grammes into  topics  such  as  dialectic  analysis  of 
nimipback  song  types,  dorsal  flipper  and  ven- 
tral fluke  colouration  patterns  (pms  other  'Vi- 
sual tag"  studiesX  chemical  tracer  studies  of 


blubber  pesticide  levels,  radio  tagging,  and  the 
modelling  and  analysis  of  subsistence  fisheries 
may  also  prove  valuable.  We  will  also  have  lo 
consider  the  ecological  requirements  on  both 
the  tropical  calving  grounds  and  Nearctic 
feeding  grounds  and  the  effects  of  man's  past, 
present  and  probable  luiure  activities  in  these 
areas  if  inteugent  management  is  to  be  ac- 
OQm]riished. 


Dtetribntion  of  hunqriMcks 

Townsend  (193S),  in  one  of  the  most  valu- 
able contributions  to  humpback  whale  biol- 
ogy, published  the  distribution  of  humpbacks 
around  the  world  based  on  logbook  records  of 
whales,  mostly  from  the  nineteenth  century. 
Ahhough  most  of  the  information  content  was 
lost  when  the  data  were  placed  on  maps,  par- 
ticularly information  on  specific  geographic 
tocations,  his  study  still  serves  as  the  basis  for 
most  of  our  present  day  distributional  know- 
ledge. .An  analysis  of  Townsend 's  maps  reveals 
11  prime  world  populations  of  humpbacks 
(Fig.  I). 

In  addition  to  the  distributional  infor- 
mation available  in  Townsend's  (1935)  study, 
we  may  be  able  to  calculate  supplementary 
and/or  new  estimates  of  the  **virgin**  levels  of 
the  prime  populations  using  his  raw  data  and 
other  data  sources  such  as  import-export  duty 
records  associated  with  shore  stations  for 
humpbacks  (after  Adams,  1971,  1975).  More 
recent  catch  and  effort  data  from  the  Com- 
mittee on  Whaling  Statistics  and  the  Yearbook 
of  Fishery  Statistics  may  also  be  used  to  cal- 
culate additional  estimates  in  order  to  identify 
more  precisely  the  trend  in  abimdance  relative 
to  man's  activities. 

The  value  of  Townsend's  (1935)  work 
has  been  identified;  however,  the  information 
published  is  only  general  in  nature.  A  closer 
examination  of  distributional  data  is  required 
if  we  are  to  defme  more  precisely  the  stodc 
stnictuiing  within  the  II  prime  populations.  173 
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For  example,  in  the  western  North  Atlantic. 
Winn  et  ai  (1975)  found  different  humpback 
denaties  in  difTerent  geographic  locatioiis  in 
the  Caribbean  breeding  areas.  More  recently, 
Winn  and  Scott  (in  press)  interpreted  the 
density  dii'ferences  to  result  from  at  least  3 
stocks  in  the  Caribbean,  each  with  different 
histories  of  exploitation. 

Migratory  route  studies  based  on  at-sea 
observations,  tag  and  recapture  studies,  histor- 
ical catches  and,  to  some  extent,  strandings 
also  provide  information  about  the  stock 
structuring  of  the  prime  populations.  The  ge- 
neralized routes  as  shown  by  Kellogg  (1929) 
and  Macintosh  (1%S)  have  often  been  quoted 
as  "well  known"  because  of  this  species  shal* 
low  water  tendencies.  However,  there  is  some 
evidence  (Townsend,  1935;  miscellaneous  un- 
published observations)  for  a  trans-oceanic 
migratory  route  in  the  western  North  Atlantic 
and  in  the  Southern  Ocean  (Gaskin,  1976). 
Anomalies  such  as  these  in  the  generally  ac- 
cepted patterns  indicate  that  doser  study  is 
needed. 

In  addition  to  the  standard  methods 
mentioned  above,  there  are  3  potentially 
available  to  aid  in  migratoiy  route  studies. 
One,  radio  tagging,  involves  direct  observation 
of  the  animal's  movements  while  the  others, 
chemical  tracer  analyses  and  tluke  pattern  re- 
oo^tion,  examines  similarities  in  the  end 
pomis  of  the  migratory  route.  Although  still  in 
need  of  some  technological  improvements,  the 
radio  tag  developed  by  Watkms  and  Schevill 
(1977)  shows  special  promise  for  the  direct 
observation  of  daily  and  seasonal  movements 
of  humpbacks.  To  date,  the  radio  tag  has  been 
successfully  tested  several  times  mcluding  one 
tag  in  a  free-ranging  Alaskan  humpbadc  for  6 
successive  days  (TiUman  and  Johnson,  1976). 
A  review  of  the  advances  in  this  method  is 
given  by  Leathcrwood  and  Lvans  (in  press). 

Oiemical  tracer  studies  similar  to  the 
iodine  analyses  of  Lund  (1950,  1950a,  1951) 
would  also  prove  useful  in  humpback  stock 
analyses.  As  an  example,  Winn  and  Scott  (in 
press)  have  interpreted  differing  pesticide  le- 
veb  in  humpback  blubber  samples  as  support 


for  a  3  stock  model  for  humpbacks  in  the  we- 
stern North  Atlantic,  fhey  hypothesized  (after 
Tamski*  Olney  and  Winn,  1975)  that  animals 
from  diffeient  stocks  feed  in  different  geogra- 
phic areas  with  characteristic  pollutant  levels, 
which  would  be  rellected  in  animal  blubber 
levels.  Winn  and  Scott  (ui  press)  found  little 
evidence  of  metabolic  or  age  differences  in 
pesticide  levels  to  dispute  this  hypothesis  This 
method  may  prove  to  be  especially  useful  smce 
blubber  samoles  may  be  obtained  from  living 
animals  witliout  harming  them  using  a 
modified  version  of  the  biopsy  sampler  des- 
cribed by  Winn,  Bichoff  and  taruski  (1973). 
Thus,  with  a  concentrated  effort,  large  num- 
bers of  blubber  samples  may  be  obtained  and 
thereby  statistically  compared. 

A  visual  tag  or  biological  marker  useful 
in  stock  identification,  migratory  route  analy- 
ses and  local  movement  studies,  is  the  ventral 
fluke  pattern  and  dorsal  fin  combination.  In 
the  western  North  Atlantic  this  method  of 
mdividual  idottiUcation  has  been  described 
by  Katona  et  al.  (in  press).  Individual  hump- 
backs have  highly  characteristic  patterns  of 
black  and  white  oa  the  ventral  side  of  the 
flukes  and,  at  times,  in  the  diape  of  the  dorsal 
fin.  Additionally,  the  behavioural  traits  of 
"humping"  up  and  then  throwing  Oukes  for  a 
long  dive  allows  one  to  photograph  and  sub- 
sequentfy  catalogue  and  analyse  diese  patterns 
for  matches.  To  date,  4  individuals  have  been 
identified  in  both  the  northern  and  southern 
ends  of  their  migratory  range  in  the  western 
North  Atlantic  (see  Wum  and  Scott,  in  press) 
and  a  similar  programme  has  been  initiated  in 
the  eastern  North  Pacific. 


Songs 


It  is  well  known  that  humpbacks  pro- 
duce characteristic  songs  while  on  their 
breeding  groimds  (Payne  and  McVay,  1971; 
Winn,  Peikins  and  Fruiter,  1970).  It  is  dear 
that  the  songs  produced  by  isolated  popula-  175 
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tiolu  (Gulf  of  California,  West  Indies)  are 

difTercnt  fSVinn  and  Winn.  1978;  Winn  et  ai, 
work  in  proizrcss)  and  ii  is  possible  lhat  stocks 
in  the  same  ocean  basin  have  distinct  dialects 
tiiat  can  be  recognized  (Winn,  197S;  Winn  and 
Winn.  I97R:  Winn  et  al,  work  in  progress). 
Unfortunately,  there  is  at  present  some  confu- 
sion in  defining  dialects  for  the  northwestern 
Atlantic  stocks,  arising,  perhaps,  from  cross- 
over from  high  to  Inw  densi  l\  Carri  bbean  stocks. 
This  may  be  caused  by  interminghng  at  high 
latitudes  as  described  for  some  southern  stocks 
ofhumpbadc8(Ciiittleborougli,  1959). 


Colour  patterns 


From  observations  ot  humpbacks  in 
Alaska,  southern  Cahfomia,  Hawaii  and  the 
Atlantic,  it  is  probable  that  some  groups  exhib- 
it stock-specific  coloration  patterns,  particu- 
larly on  the  dorsal  surface  of  the  flipper  Wol- 
man  and  Juraz  (1977)  have  used  this  character 
difTerenoe  to  define  die  Hawaiian  slock 
(mostly  white  flippers  dorsally)  as  heinc  dis- 
tinct from  that  stock  which  summers  in  south- 
eastern Alaska  (mostly  dark  flippers  dors- 
alty).  If  this  colonition  is  consistent,  we  would 
expect  differences  between  other  groups  of 
humpbacks  as  well 


Feeding  and  cncicelics 


Hwnpbacks  generally  migrate  annually 
from  their  feeding  grounds  in  the  high  lati- 
tudes to  their  mating  and  ealving  grounds  in  the 
lower  latitudes  (Townsend,  1935;  Dawbin, 
1964;  Chittleborough,  1965;  Macintosh, 
1965).  It  is  likely  that  animals  migrating  to 
traditional  mating  and  calving  grounds  re- 
quire less  ener^  than  those  that  are  forced  into 
marginal  habitats  (Winn  and  Winn,  1978), 


leaving  themselves  more  energy  for  migration 

and  feeding.  This  problem  would  be  more  crit 
ical  r<>r  calves  and  yearlinps  because  of  their 
higher  surlace  area:  volume  ratio. 

Recent  considerations  of  whale  popula- 
tion energetics  include  those  of  Brodie  (1975) 
Kawamura  (1975)  and  Lockver  (1976).  Ka- 
wamura  (1975)  particularly  addresses  the  pro- 
blem of  the  cost  of  seasonal  migrations  in 
terms  of  energy  consumpticm  and  potential 
energy  sources  as  related  to  the  general  distri- 
bution of  whales.  His  calculations  indicate  that 
it  is  likely  that  fin  whales  and  other  large  ror- 
quals including  humpbacks,  must  feed  to  some 
extent  during  migration.  Certainly,  evidence 
of  humpbacks  feeding  on  migration  has  been 
previously  documented  (Dawbin,  1966). 

It  thus  seems  possible  that  food  source 
levels  are  quite  related  to  population  levels  of 
humpbacks.  The  indirect  influence  of  man  on 
himipback  populations  through  exploitation 
of  this  species'  food  sources  may  be  of  much 
greater  significance  than  previously  consider- 
ed. There  is  some  evidence  (historical  reports 
of  starved  or  scrog  whales,  examination  of 
photographs)  that  s(imc  individuals  in  the  west- 
em  North  Atlantic  and  perhaps  in  other  po- 
pulations as  well  may  be  exhibiting  symptoms 
of  starvation.  We  hypothesize  that  the  species 
has  evolved  specialized  feeding  strategies  for 
certain  food  types  and  cannot  adapt  with 
100  %  efficiency  to  new  food  sources  as  man's 
exploitation  of  traditional  sources  continues. 
Thus,  stocks  may  mevet  recover  to  their  formor 
levels. 

We  also  know  that  certain  groups  of 
hiunpbadcs  stay  in  areas  6  months  out  of  the 

normal  cyclic  phase,  both  in  the  tropics  and 
higher  latitude  feeding  areas  (e.g.,  Barents  Sea, 
some  tropical  regions;  Tomilin,  1957;  Town- 
send,  1935).  The  extended  .stay  may  be  a  re- 
sponse to  areas  of  high  productivity  and  large 
food  sources,  especially  in  the  high  latitudes, 
whereas  the  extended  stay  in  the  Uopics  might 
be  better  explained  by  a  late  migration 
(Chapman,  1974)  than  a  response  to  food.  For 
certain  tropical  areas  (regions  of  intense  up- 
wetling),  the  food  souioenypothesis  certainly 
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remains  viable  (e.g..  Cape  Verde  blands,  Gulf 
of  Panama). 


Northwest  Atlantic  honplHieks  and  sob- 
sistence  fisheries 


In  the  northwestern  Atlantic  the  hump- 
back has  been  protected  by  the  IWC  since 
1955.  Hdwever.  subsistence  level  exploitation 
has  continued  at  Bequia  and  exploitation  has 
continued  at  Bequia  and  in  Greenland.  Nearly 
75  T  of  the  estimated  I  013  animals  in  the 
West  Indies  were  found  to  overw  inter  on  Sil- 
ver Bank  by  Winn.  Edel  and  Taruski  (1975). 
More  recently  Winn  and  Winn  (1977)  propos- 
ed that  this  area  be  considered  a  sanctuary. 

The  density  of  animals  found  by  Winn, 
Edel  and  Taruski  (1975)  in  the  northern  Ca- 
ribbean may  be  high  enough  to  cause  move- 
ment into  the  lower  stock  as  defined  hv  Winn 
and  Scott  (m  press).  It  is  also  possible  that 
reverse  movement  may  occur,  caused  by  fish- 
ing activities  and  man's  possible  use  of  and 
encroachment  on  the  humpback  habitat. 

Sergeant  (1966)  estimated  the  number  of 
animals  around  Newfoundland  for  the  end  of 
the  nineteenth  century  using  regression  meth- 
ods based  on  Newfoundland  catches  from 
1898  to  1915.  The  estimate  of  1  500  animals 
does  not  represent  the  original  level  of  hump- 
backs in  the  western  North  Atlantic  since  no 
allowance  was  made  for  catches  in  the  tropics 
or  in  other  regions  during  this  time.  Addition- 
ally, the  humpback  was  hunted  by  both  Yan- 
kee whalemen  and  natives  in  the  tropics  prior 
to  1898  (Adams,  1970).  The  level  of  this  ex- 
ploitation and  to  what  extent  it  pre-dates  the 
twentieth  century  is  only  vaguely  known. 

An  example  of  a  fisher\'  targeted  mainly 
at  humpbacks  and  dating  back  to  the  1870s  is 
the  Bequia  fishery.  The  fishery  stems  from  the 
Amoican  whaling  operations  which  flourish- 


ed near  the  Grenadine  Islands  during  the 

1860s.  This  fishery  is.  as  were  other  shore-bas- 
ed and  vessel-based  operations  for  humpbacks 
during  this  period,  directed  primarily  at  the 
cow-calf  component  of  the  population  (Sinck- 
ler,  I9I3;  Fenger.  1918;  Clark.  1887).  Thas.  the 
major  impact  of  the  fisheries  was  on  the  re- 
productive heart  of  the  populations.  The  Be- 
quia fishery  has  had  a  long  history  of  success 
and  failure  (Adams,  1970)  and  to  date  is  the 
last  of  numerous  shore  stations  in  the  Carib- 
bean. The  average  annual  catch  for  the  past  21 
years  of  operations  is  1.5  (s  »  1.2;  Winn  and 
Scott,  in  press),  however,  the  average  annual 
kill  may  be  on  the  order  of  1.3-3  times  this 
value  (after  Adams,  1970;  Fenger,  1918;  W  inn 
and  Scott,  in  press). 

Winn.  Edel  and  Taruski  (1075)  estimat- 
ed only  49  ±  19  (95  ^  C.I.)  humpbacks  from 
Martinique  to  Venezuela  (Bequia  stock).  His- 
torical evidence  suggests  that  the  level  of 
humpbacks  in  this  area  was  once  much  higher 
(Winn  and  Scott,  in  press).  We  have  modelled 
the  possible  response  of  the  Bequia  stodc  to 
protection  and  oontintted  exploitation  by  the 
Bequians  using  an  exponential  model  with 
fishing  mortality  terms  for  the  cow,  calf  and 
yeariing  components.  We  used  vital  rate 
parameters  reported  in  the  literature  for 
humpbacks  (Chittleborough.  1965)  and  other 
species  (Ottestad,  1956;  Perrin,  Holtz  and 
MiUer,  1975).  Assuming  an  annual  kill  of  4 
distributed  among  the  calf,  yearling  and  cow 
components,  but  weighted  toward  the 
mother-caii  combination,  we  found  that  this 
level  of  exploitation  is  sufficient  to  maintain 
the  .stock  at  the  low  level  observed  for  a  period 
of  10  years  or  more. 

Our  analysis  assumed  no  clTect  on  the 
sex  ratio  of  the  stock.  This  assumption  does  not 
seem  valid,  considering  that  the  main  target  of 
the  fishery  is  the  female  (up  to  75  %  of  the  kill 
is  female).  Thus  the  fishery  may  have  equal  or 
even  intensified  effects  on  the  population  size 
at  kill  levels  much  lower  than  the  assumed 
value  of  4. 

In  addition  to  Bequia  tiiere  is  another 
fishoy  directed  at  humpbadb  in  tiie  westorn  177 
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North  Atlantic.  Mitchell  (1971)  reported  that 

Greenland  natives  along  the  west  coast  of  that 
island  take  up  to  10  animals  per  year.  In  fact, 
the  average  catch  by  this  fishery  from  1958 
through  1976  was  3.1  humpbacks  (s  =  3  1) 
with  peak  catches  of  9  occurring  in  1973.  1974 
and  1975  (Winn  and  Scott,  in  pre&s).  We  have 
hypothesized  that  the  Bequia  animals  migrate 
lo  the  east  of  Greenland  and  Iceland  to  feed. 

The  first  order  analysis  of  the  Bequia 
fishery  mdicates  that  the  present  catch  may  be 
suppressing  the  population  response  to  pro- 
tection. Similar  mooelling  and  analysis  of  the 
other  known  subsistence  level  (Isheries  using, 
perhaps,  a  stochastic  birth-death  process  ap- 
proach in  order  to  more  closely  approximate 
actual  events,  shoold  prove  useful  in  planning 
proper  management  sdiemes. 


Conclwiii'ftiiB 


In  conclusion,  the  present  state  of  know- 
ledge about  humpback  populations  worldwide 
b  perhaps  greater  than  that  for  ail  other  ror- 
quals. However,  there  are  still  many  areas  in 
which  we  have  little  or  no  infonnation.  In  this 
paper  we  have  identified  some  research  meth- 


ods that  may  aid  in  generating  some  of  the 

information  we  need  for  one  population  of 
humpbacks.  However,  these  methods  need  not 
be  restricted  for  usage  in  the  western  North 
Atlantic  since  hopefully  they  are  generalized 
enough  to  have  application  to  all  hiunpback 
stocks. 
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The  gray  whale.  Eschrichtius  robustus,  survives  only  in  the  North  Pacific  Ocean,  where  2 

pcnsraphically  isolated  populations  h:ivc  been  clistinciiishcd:  the  caMern  Pacific  or  "f^alifor- 
nia"  population,  summering  in  the  northern  Bcrmg  Sea  and  adjacent  .seas  to  the  north  and 
wintering  in  calving  grounds  alone  the  west  coast  of  Mexico,  and  the  western  Pacific  or 
"Korean"  population,  the  continued  existence  of  which  is  uncertain,  summering  in  the 
northern  Sea  of  Okhotsk  and  wintering  ulT  southern  Korea  and  probably  also  in  the  Seto 
Inland  Sea.  Basic  information  on  reproduction  and  mortality  of  California  gray  whales  is 
gncii.  Pnor  to  commercial  exploilatuni  (old  st\le  uhalitiL'.  ll''46  to  about  1900:  modern 
whaling,  190S  to  1946).  the  Calilumia  population  numbered  no  more  than  \5  (X)0  animals, 
being  reduced  to  perhaps  half  its  original  size  by  1900.  Thereafier  followed  a  population 
increase,  especially  rapid  from  1947  until  about  1960:  during  the  past  10  years,  the  population 
has  remained  stable  or  increased  slightly  in  size,  and  now  includes  about  1 1  000  animals 
(±  2000).  Siberian  Eskimos  continue  their  traditional  use  of  gray  whales,  with  the  average 
annual  catch  in  recent  years  at  170  whales  (all  now  taken  by  a  modern  catcher  boat). 

Commercial  whaling  for  the  gray  whale  was  banned  under  the  International  Conven- 
tion for  the  Regulation  of  Whaling  in  1946.  The  greatest  present  threat  to  the  California  gray 
whale  population  is  increasing;  industrial  development  and  vessel  traffk,  including  *Ntrha- 
le-watching"  boats,  in  the  calving  lagoons. 

La  baleine  grise.  Eschrichtius  rohusius.  survit  uniquemcnt  dans  le  Pacifique  nord,  ou 
Ton  a  distingue  deux  stocks  isoles  gcographiquemeni:  la  population  dii  P<icifique  oriental  OU 
"de  Californie"  qui  passe  Pete  dans  la  mer  de  Bermg  et  les  eau\  boicales  limilrophes  c(  qui 
passe  rhivcr  surdes  lerrain.sdc  reproduction  situt-s  le  Iohl'  dc  la  cole  ouest  du  Mexique,  el  la 
population  du  Pacifique  ouest.  ou  "coreennc  "  :  r  :  !a  poursuile  dc  rexistcncc  semble 
probiematique  actuellemcnt,  passe  I'^tc  dans  Ic  nord  dc  la  mcr  d'Okhutsk  el  I'hivcr  dans  les 
eaux  de  la  Cor^e  du  sud  et  probablement  aussi  dans  la  mer  inlerieure  de  Selo.  L'auteur  donne 
des  informations  de  bMesurIa  refMroducttm  et  la  mortalitc  des  baleines  grises  deCalifoinie. 
Avanl  I'exploitalion  ooimnerctale  (ancienne  pcche  baleiniere,  1846  a  1900  environ:  peche 
baieini&re  modeme,  I90S  ^  1946),  la  population  de  Californie  ne  comptait  pas  plus  de  15  000 
animaux  et  itait  reduite  k  peut-£tre  la  moiti£  de  sa  taille  initiate  vers  1900.  La  pt^pulation  a 
augment^  ensuitc.  d  unc  cadence  particuli^rement  rapide  entre  1947  ct  1960  environ.  Ces  dix 
demiires  anncc%  la  population  est  rcstce  stable  ou  a  faiblcment  augment^  et  elle  compte 
actueltement  environ  II 000  animai  v  2  000).  Les  Eaquimaux  de  Sibirie  continuent  k 
piatiquer  la  chasse  traditionnelle  des  baleines  grises,  avec  un  cfaifTre  moyen  annuel  de  170  181 
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animuux  au  cours  dccesdenuiicsaniids(toules  CCS  captures  itantmamteitantrtalisies  par  un 

baleinier  modcrnc). 

La  ptehe  commeidale  de  la  baldne  grise  a  M  interdite  par  la  Convention  intematio- 

nalc  balcini<^rc  dc  1946  I  l-  plus  L'rand  danger  mcna<^anl  la  p^pul  itiiMi  de  baleines  grises  de 
Calirurnic  est  rcprcscnic  par  I  cxpunsiun  indusincUe  et  I'acuviic  maniinic,  y  compris  le$ 
oroisiiics  touristiques  dans  les  lagunes  de  reproduction. 

Extndo 

La  ballena  gris  (Eschrkhiius  robusius)  sobrevive  solo  en  el  norte  del  Pacifico.  donde  se 
han  distinguido  dos  poblaciones  ^eogrificamenie  aisladas:  la  poblaci6n  del  este  del  Padfico  o 
de  Califom  ia,  que  tranwiine  el  veiano  en  d  mar  de  Bering  y  mares  septentrionaka  adyacentes 
y  el  invicrno  cn  taszooasde  cnu  a  lo  largode  la  cosia  occidental  dc  Mexico;  y la  poUaci6n  del 

oeste  del  Pacifico  o  coreana.  de  la  que  no  se  sabe  si  aun  subsiste.  que  iranscurre  el  verano  en  la 
parte  septentrional  del  mar  de  OjoLsk  y  el  invierno  frente  al  sur  de  Corea  }  probablcnicntc 
tambi^n  en  el  mar  interior  de  Seto.  Se  dan  algunos  datos  basicos  sobre  la  reproduccion  y  la 
niort;i!i(l:id  de  la  ballena  eris  dc  California.  Anies  de  sn  cxplotacion  comcrcial  fcaceria  de  tipo 
iradicional,  1846  a  1900  aproximadamente;  caccria  dc  lipo  moderno,  1905  a  1946),  la  pobla- 
ci6n  de  Calirornia  conlaba  no  mas  de  IS  000  ballenas.  que  para  1900  se  habian  reducido  tal 
vcz  a  la  mitad  de  la  cifra  original.  Posteriormenle  la  poblacitSn  aumcnto.  sobrc  todo  entre  1*)47 
y  I960,  aproximadamente,  y  durante  los  ultinius  die/  ai^os  sc  ha  mantcnido  cstabic  o  ha 
aumentado  ligeraroente,  oontando  en  la  actualidad  unos  II  ODD  animalcs  (±  2000).  Los 
esquimalcN  siherianos  prosigucn  sii  caceria  tradicional  de  ballena  ltIs.  con  unacaptiira  media 
en  los  uliimos  anus  dc  170  animates  (tudos  lus  cualcs  sc  capluran  hoy  con  una  cmbarcacion 
modema). 

I  1  caza  comcrcial  de  ballena  gris  se  prohibio  en  1946  en  virtud  del  r nvenio  Intema- 
cional  para  la  Rcglamcniacidn  de  la  Caza  dc  la  Ballena.  En  la  actualidad,  las  principales 
amenazas  pa  ra  la  pobtac^  de  ballena  gris  de  California  es  d  desarnillo  industrial  y  d  tnUioo 

marftimo.  ineluido  cl  dc  lus  cmbarcaeioncs  dcsdc  las  que  las  turistax obscrvan  a  laS balleoas Cn 

las  lagunaii  custeras  donde  estos  animates  se  reproducen. 
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CALIFORNIA  STOCK  OF  THE  GRAY  WHALE 


TTie  gray  whale  Fschricluius  rohustus  is 
of  considerable  biological  interest,  being  the 
only  member  of  the  primitive  baleen  whale 
family  Eschrkhtiidae.  The  eastern  Pacific  pop- 
ulation  of  this  species  is  also  of  great  interest 
to  conservationists  since  it  is  the  only  popula- 
tion of  great  whales  which,  following  severe 
depletion,  has  recovered  to  near  virginal  size. 


DisCrflmtion  and  separatioa  of  popoia- 
tkms 


Subfossil  and  early  historical  records 

(Fraser,  1970)  hear  witness  to  the  former  oc- 
currence of  the  gray  whale  Eschrichtius  robus- 
tus  in  the  North  Atlantic,  but  it  has  been  ex- 
tinct there  for  several  centuries.  The  species 
now  SUP.  ivcs  only  in  the  North  Pacific,  where 
two  getigraphically  Isolated  populations  have 
been  distinguished;  the  eastern  Pacitic  or 
Xalifoniia"  popukition,  and  the  western  Pa- 
cific or  "Korean**  population  (Rice  and  Wol- 
ffian, 1971). 

The  Cahfomia  whales  spend  the  sum- 
mer mostly  in  the  ncMtiiem  Bering  Sea,  the 
southern  Chukchi  Sea,  and  the  southwestern 
Beaufort  Sea.  with  scattered  individuals  oc- 
curring along  the  west  coast  of  North  America 
as  far  south  as  northern  California.  They  mi- 
grate down  the  North  American  coast  to  winter 
along  the  west  coast  of  Mexco.  The  main 
calving  grounds  are: 

—  Laguna  Ojo  de  Liebre  and  the  adjacent 
Lapuna  Guerrero  Negro,  Laguna  San 
Ignacio,  and  Bahia  Magdalena  and  con- 
fnient  waterways,  all  in  Baja  Cahfomia; 

—  Yavaros,  Sonora,  and  Bahia  Reforma, 
Sinaloa  (GUmore,  1960). 

Contrary  to  many  published  statements,  there 
is  no  evidence  that  San  Diego  Bay,  California, 
was  ever  a  calving  area  (Henderson,  1972). 
Hie  Korean  stock  spent  the  summer  in 


the  northern  Sea  of  Okhotsk.  It  migrated  down 
the  Asian  coast  to  calving  grounds  ofT  the 
south  coaii  of  Korea  (Andrews,  1914).  An- 
other migration  route  probably  led  down  the 
eastern  side  of  Japan  to  calving  grounds  in  tibe 
Selo  Inland  Sea  (Omura.  1974) 

According  to  Mizue  (195 1),  the  last  gray 
whales  reported  en  the  eastern  side  of  Japan 
were  killed  in  1914.  and  the  last  reported  in 
Korea  were  killed  in  1933.  I  hc  grav  whale  was 
alleged  to  be  unknown  to  present  day  South 
Korean  whalers  (Bowen,  1974).  However,  re- 
cent e\idcncc  raises  some  doubts.  Brownell 
and  Chun  { 1977)  report  that  a  few  were  killed 
as  recently  as  1966.  In  the  Sea  of  Okhotsk  liicrc 
have  been  two  recent  sightings  —  four  animals 
in  1967  and  one  in  1974  (Bcrzin.  1974;  Bcrzin 
and  Kuz'mio,  1975;  Kuz'min  and  Berzin, 
1975). 

In  the  northern  Kuril  Islands  one  gray 

whale  was  killed  at  Otomae  (Shiashkotan)  in 
1942  (Mizue,  1951);  one  was  seen  off  the 
southeast  coast  of  Honshu  in  1959,  and  one 
died  in  the  same  area  in  1968  (Ntshiwald  and 
Kusuya,  1970). 

Nishiwaki  and  Kasuya  (1970)  and 
Bowen  (1974)  hypothesized  that  these  three 
recent  records  mvolved  vagrants  fimn  the  Ca- 
lifornia  stock,  rather  than  survivors  of  the  Ko- 
rean stock.  Since  gray  whales  mate  during 
their  autumn  migration,  such  rare  vagrants 
would  make  interbreeding  betweoi  the  Cali- 
fornia  and  Korean  population  possible  a 
possibility  that  would,  however,  he  greatlv  re- 
duced if  as  seems  likely,  most  vagrants  are 
immature  animab  as  in  die  case  of  the  1968 
whale  It  appears  cquallv  likely  that  all  three 
animals  were  members  of  the  Korean  stock. 


R^NToduction  and  moilality 


The  following  data  are  from  samples  of 
gray  whales  collected  mostly  from  1964  to  1969 
(Rice  and  Wolman,  1971). 

Sexual  maturity  b  attained  at  a  mean  183 
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age  of  8  yean  (range:  5-1 1  years).  The  mean 
annual  ovulation  rate  is  0.^2,  and  the  mean 

[xegnancy  rate  is  0.46. 

Annual  mortality  estimates  for  animals 
over  8  years,  calculated  from  the  age  compo- 
sition as  determined  by  ear-plug  readings, 
were  0.095  for  females  and  0.081  for  male.s.  A 
similar  estimate  for  sexually  mature  females, 
based  on  ovarian  corpora  counts,  was  0.082. 
These  estimates  are  piolMibly  higher  than  the 
true  rate  because  the  population  was  increas- 
ing during  the  preceding  years.  The  ratio  of 
males  to  females  is  about  equal. 


Exploitation 

The  Eskimos  living  on  the  shores  of  the 
northern  Bering  Sea  and  the  Chukchi  Sea  have 
hunted  whales  since  time  immemorial.  On  the 
Alaskan  ade  the  catch  is  mostly  bowhead 
whales  {Balacna  mysticetus),  and  very  few  gray 
whales  are  taken.  However,  on  the  Siberian 
side  the  catch  is  almost  entirely  gray  whales. 
All  the  gray  whales  used  by  the  Siberian  Eski- 
mos are  now  taken  by  one  modern  style  catch- 
er boat  (Berzin,  pers.  comm.).  Catch  statis- 
tics are  available  only  for  recent  years,  in 
which  period  the  catch  has  averaged  about  170 
gray  whales  per  year  (Table  1 ) 

Several  Indian  tribes  on  Vancouver  Is- 
land and  in  the  State  of  Washington  tradi- 
tionally hunted  gray  whales,  but  have  not  done 
80  since  1928. 

From  1846  until  about  1900,  American 
whalers  exploited  gray  whales,  mostly  oa  their 
wintering  grounds,  taking  a  few  m  northern 
waters  during  the  summer.  On  the  basis  of 
available  historical  records,  Henderson  (1972) 
estimated  that  the  total  catch  from  1846  to 
1874  was  about  8  100;  this  estimate  wa-s  inten- 
tionally on  the  high  side.  During  the  peak 
whaling  period  of  1855  to  1865  the  annual 
catch  averaged  474  whales  (Table  2).  Catches 
during  the  three  winter  sca.sons  from  1883/84 
to  1885/86  were  58,  68,  and  41  respectively 
(Townsend.  1887). 


TlMe  1.  Aboriginal  nielMt  of  pay  whales  la  Bcriag  aad 
Chukchi  «M»is:  1965-l97C<Marik  Spaces  indicate  no 
data  available) 


Number  of  whales  caught 

Year 


USSR' 

USA' 

Totat> 

1965 

175 

1966 

194 

1967 

125 

l%8 

135 

139 

1970 

146 

5 

151 

1971 

150 

3 

153 

1972 

181 

1 

182 

1973 

173 

I 

174 

1974 

181 

1 

182 

1975 

171 

V 

178 

1976 

165 

2J 

167 

'  DiUi  fraoi  AU-Union  Roeuch  Inniiuie  Of  Mariae  FidMriB  aad  Oeeaaaq{> 
nphy,  MoHxrar. 

'  Spme*  idcBijfJcaiMm  piaiiaM*.  bui  noi  ceiuia. 


Modem  style  whahng  began  on  the  w  est 
coast  of  North  America  in  1905.  A  few  gray 
whales  were  taken  in  the  winter  ofTBaja  Cali- 
fornia and  California,  mostly  between  1025 
and  1929.  Factor,  ships  took  an  average  of  52 
gray  whales  per  vear  in  the  Bering  Sea  tarn 
1933  to  1946  (Table  3).  when  the  IntemaUonal 
Convention  for  the  Regulation  of  Whaling  was 
signed.  One  of  the  provisions  of  the  Schedule 
to  the  Convention  was  the  banning  of  com- 
mercial whaling  for  gray  whales.  Under  Spe- 
cial Scientific  Permits  allowed  by  this  Con- 
vention, 316  gray  whales  were  killed  oft"  Cali- 
fornia between  19S9  and  1969  (Table  4).  From 
1966  to  1969  the  combined  scientific  (Table  4) 
and  Siberian  cskimo  (Table  1)  catches  aver^ 
aged  221  per  year. 


Other  factors 


Considerable  harassment  is  caused  by 
commercial  cruise  boats  which  take  people 
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TMt  1  EMiniaud  catcher  oTgny  uliiles bf  dMyltfrinl*         TaUe  4. 

km  1846-1874  ■ 


Catch  of  grav  whales  ofT  California  uiHkr 
Scieatific  Perniis,  1958/59  lo  1968/69 


Number  of  whales  killed 


Period 


C;ilitoini;i 
and  Mexico 


Bering  and 
Chukchi  Seas 


Toul 


1846-1854 

1855-1865 
1866-1874 


716* 
4938 
2007 


SS 
27S 
110 


771 
5213 
2117 


>  Midpdai:  HanknoB 


661-771. 


1  able  3.  Catches  of  California  grav  whales  bv  nkudeni  st\i« 
iritdins.  1905-1947  • 

Baia  Bering 

Year    cSi-  Alaska^  Total 

!>    •     lomia  ingiun  Chukchi 


Seas' 


1913 

1 

1 

1914 

19 

19 

1920 

2 

2 

1921 

1 

1 

1922 

5 

5 

1924 

1 

1 

I92S 

100 

33 

133 

1926 

41 

I 

42 

1927 

29 

3 

32 

1928 

9 

1 

2 

12 

1929 

2 

2 

I9JJ 

2 

4 

1934 

193S 

34 

34 

1936 

102 

102 

1937 

14 

14 

1938 

54 

54 

1939 

29 

29 

I94<) 

105 

105 

1941 

57 

57 

1942 

101 

101 

1943 

99 

99 

194S 

30 

30 

1947 

I 

1 

I  >ji.i  sniTini.in/t  d  tr^.m  Rice  and  \^'olmiin  f  IM7n.  c*ccpl  lhat  the  figures  for 
I'M.!.  i9M>.  and  W47  hi\r  hrcn  changed  lo  apce  wiUi  IhoK  in  Kktecnlici| 


and  Makarova  195? 
'  Gulf  of  Alaska  (shore  suUons). 
I 


Season 

Number  of  whales  cau{hi 

I45K/59 

2 

1%)  62 

4 

1963/64 

20 

1965/66 

26 

1966/67 

125 

1967/68 

66 

1968/69 

73 

inio  the  calving  lagoons  to  see  the  whales,  and 
by  small  pleasure  craft  brought  overland  down 
the  new  Baja  Catifofida  highway.  There  is  abo 

a  possibility  that  exploralor)'  drilling  for  pe- 
troleum will  soon  begin  in  or  near  some  of  the 
lagoons.  The  govemmenl  of  Mexico  has  dec- 
lared the  most  important  calving  area,  Laguna 

Ojo  de  Liebre  ("Scammon's  Lagoon"),  a 
whale  sanctiiarv.  and  boat  trafllc  is  banned 
during  the  calving  season. 


Population  size 


Scamnion  (1874)  estimated  that  the  Ca- 
lifornia gray  whale  population  was  probably 
not  over  30  000  from  1853  to  1856  and  that  1^ 
1874  the  number  did  not  exceed  8  000  or 
10  000.  After  a  careful  analysis  of  the  historical 
data,  however,  Henderson  (1972)  concluded 
that  the  population  did  not  exceed  15  000  piior 
to  the  imtation  of  exploitation  in  1846. 

In  1885/86.  Townsend  (1887)  estimated 
that  only  160  gray  whales  migrated  south  past 
San  Simeon,  California.  Andrews  ( 19 1 6 )  w  rote 
that  "For  over  20  years  [preceding  1910]  the 
species  had  been  lost  to  science  and  naturalists 
believed  it  to  be  extinct".  Howell  and  Hucy 
(1930)  said  it  was  "doubtful  whether  more 
than  a  few  dozen  individuals  survive".  Howe- 
ver, K.W.  Kenyon  (pers.  comm.)  says  that  he 
commonly  obsierved  ^ay  whales  migrating 
past  La  Jolla,  Califoniia,  aiuing  the  thirties. 
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Systematic  shore  counts  of  the  south- 
ward migration  were  initiated  at  San  Diego, 
California,  in  1952/53,  and  continued 
intermittently  until  1967/77  (Gilmore,  1960; 
Rice.  1961).  The-se  counts  indicated  a  steadily 
increasing  population  until  1959/60  (Table  5), 
but  by  the  micl>1960's  it  became  apparent  that 
geographical  features  caused  the  majority  of 
the  migrating  whales  to  pass  too  far  ofTshore  to 
be  seen  from  land  (Rice,  1965).  A  marked  de- 
crease in  the  1967/68  and  196S/69  counts 
suggested  that  increasing  boat  traffic  was 
causing  a  still  greater  proportion  to  pass  far 
offshore,  but  the  next  counts  in  1975/76  and 
1976/77  were  the  highest  on  record. 

From  1967/68  to  1973/74,  a  shore  count 
was  made  every  winter  at  Yankee  Point  near 
Monterey,  California,  where  95  %  of  the 
whales  pass  within  2  km  of  the  shore,  and 
boat  traffic  is  at  a  minimum.  From  1974/75 
to  1976/77  the  count  was  made  at  Granite 
Canyon,  7  km  south  of  Yankee  Point,  because 
of  real  estate  development  at  the  latter  site. 
These  counts  (Table  5)  indicate  a  stable  or 
sliehtlv  increasing  population.  When  the 
counb  arc  extrapolated  to  allow  for  whales 
missed  during  periods  of  poor  visibility,  and 
for  whales  passing  at  night  (Rice  and  Wolman, 
1971).  they  indicate  a  total  population  of  about 
1 1  000  ( :r  2  000).  A  detailed  report  on  the  past 
10  years*  censuses  is  in  preparation. 

Between  1952  and  1973,  a  number  of 
aerial  surveys  of  the  gray  whale  wintering 
grounds  were  conducted  by  several  observers 
(Hubbs  and  Hubbs,  1%7;  Card,  1974).  The 
aerial  counts  agree  with  the  shore  counts  in 
that  they  indicate  that  the  population  was 
increasing  during  the  1950's,  and  has  remained 
stable  since  about  1960. 

In  the  summer  of  1968,  Zimushko  ( 1970) 
conducted  an  aerial  survey  of  gray  whales  in 
the  coastal  waters  off  the  Chukotski  Peninsula. 
On  the  basis  of  124  whales  actually  sighted,  he 
calculated  the  total  population  in  the  area  to 
be  about  5  000.  in  the  summer  of  1973,  Berzin 
(1974)  conducted  another  aerial  survey.  On 
the  basis  of 290  whales  sighted,  hecaknlated  a 
total  population  of  about  7  700. 


TMc  5.  Comts  of  ■oKliinfil  ilgrittBi  ^ly  nfeilci^ 

US2/S3  to  1976/77  • 


NumlKr  of  whale's  counted 
^ason       .      ,     Yankee  Point/  G  ranitc  Canyoo ' 


1952/53 

982 

1954/55 

1  646 

1936/57 

1839 

1959/60 

2344. 

1967/68 

1324 

3  120 

1968/69 

1  154 

3  081 

I%9/70 

3064 

\97dn] 

3  034 

1971/72 

2S88 

1972/73 

3304 

1973/74 

3  492 

1974/75 

3348 

1975/76 

2822 

3  797 

1976/77 

3648 

4054 

>  Ti>u.  L.  unu.  miiijuiic  siriciiv  ixiai|MmNeA(HBycM'toycw'.*iBecbc|iiniQg 

.in»l  ending  Ualo  viinn)  slipKlly 
'  I  leum  include  unlv  ih>"^'  v>h.tl«  whKh  |V).vscd  ihc  puinl  hclwccn  07(KIOand 
ITiX)  hourv.  Irurn  1 K  I  Vn  niN'r  lo  4  t  cHniiirv  (c^cUxlinp  7^  IVicmhcr  nnd  I 
Januar\k.  A  tc^  jJdili.>njl  *h.tlc•^  »Acfc  observed  k^uLvidc  ?hfsc  itnic  limill^ 
tnil  suiih  observjUuns  were  nul  stnctl)>  comparable  frooi  year  to  year. 


Conclusions 


Prior  to  exploiiation,  which  began  in 
1946,  the  California  .stock  of  the  gray  whale 
numbered  no  more  that  15  000.  By  the  year 
1900  it  was  reduced  to  perhaps  about  hsAt  its 
original  numbers.  It  probably  increased 
somewhat  during  the  first  half  of  the  20th 
century,  and  appeared  to  grow  rather  rapidly 
from  1947  (when  the  International  Conven- 
tion for  the  Regulation  of  Whaling  came  into 
effect)  until  about  1960.  During  the  past  ten 
years  it  has  remained  staUe  or  has  hicfeased 
slightly,  and  now  numbers  about  1 1  000 
(±  2  000),  with  an  average  annual  Eskimo 
catch  of  about  170.  The  greatest  threat  to  the 
California  gray  whale  population  at  present  is 
the  increasing  industrial  devdc^ment  and 
vessel  traffic  in  the  calving  lagoons. 
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NEW  n  CUNIQUES  FOR  ASSESSING  POPULATIONS 
OF  RIGHT  WHAL£S  WITHOUT  klLUNG  THEM 


H.  Whitehead  and  R.  Payne 


Aerial  photographs  of  the  population  of  southern  right  whales  (Eubalaena  sp.)  off 

Peninsula  Valdez,  Argentina,  were  used  to  recogni/c  and  measure  individual  whales.  Individ- 
uals could  be  recognized  by  examination  of  photographs  showing  the  unique  pattern  of 
light-coloured  head  markings,  or  callosities.  Between  1971  and  1976, 1  648  identifications  of 

484  different  w  hales  were  made.  The  lengths  of  whales  were  measured  directly  by  comparing 
the  image  of  the  whale  on  film  with  a  disk  of  known  diameter  carried  on  a  fast  boat  next  to  the 
whale  when  it  surfaced  for  breath:  29  animals  were  measured  in  this  way.  The  lengths  of  4 
whales  were  found  by  comparing  them  to  whales  ofknown  length  swimming  parallel  to  them. 
Similarly,  ratios  of  ihe  lengths  of  mothers  and  their  calves  were  used  to  estimate  the  initial 
growth  rale  of  calves  and  provide  evidence  for  birth  dates  and  lengths  at  birth.  Results 
indicated  that  most  calves  seen  at  Peninsula  Valdez  are  born  in  or  near  August,  are  about  5.5 
m  at  birth  and  grow  abtiut  35  mm  each  dav.  for  ihc  first  few  weeks  of  life.  A  ratio  of 
snout-to-bliuv  holc  length  to  overall  length  was  found  lor  202  known  whales  photographed 
clearly  but  without  (he  disk  being  present  for  size  oonipaiiaan.  Formulae  relating  this  ratio  to 
lcni;lh  and  describmg  chan<:es  in  them  over  time,  were  ased  to  estimate  the  growth  rate  of 
older  anmials  and  produce  an  appro,xin)aic  age-lenglh  key.  Based  on  these  results,  it  was 
estimated  that  females  in  this  population  become  sexually  mature  at  about  3  to  4  years  of  age. 
Tliese  new  techniques  provide  estimates  of  parameters  used  in  population  models  t^f  lar<:e 
w  hales  without  kiJImg  them  and,  in  some  cases,  do  so  in  a  more  direct  way  than  do  traditional 

methods  dependent  on  a  fisheiy.  Some  of  them  can  probably  be  appHed  to  other  spedes  of 
large  whales. 

Des  photographies  aenennes  de  populations  de  balcines  franches  austraics  (Luba/aena 
sp\  se  trouvant  au  large  de  la  p^ninsule  Valdez,  en  Argentme.  ont  M  utilis^es  pour  recon- 
nalire  i  i  tm  surer  les  individus.  Lessujels  ont  pu  Ctre  reconnus  p;ir  !\  xamen  de  photographies 
monlraiii  la  disposition  unique  dc  marques claires.  ou  callosites.  de  la  tctc.  De  1971  a  1976,  on 
a  efleeiue  1  648  identifications  de  484  baleines  diffd-rentes.  La  longueur  des  balcines  a  M 
mesuree  dircetcment  en  comparant  !'ini.!t'e  dc  );i  h  ilcme  avcc  un  disquc  de  diamelrc  connu 
pone  par  un  baieau  rapidc  prochc  de  la  halcine  quand  ellc  cmergcail  pour  rcspircr.  On  a 
mesuri  29  animaux  de  oette  fil^on.  On  a  trouvi  la  longueur  de  4  balcines  en  les  oomparani  a 
des  suiels  de  longueur  connuc  qui  leur  eiiiient  paralleles  Oe  meme,  le  rapport  entre  la 
longueur  des  meres  et  de  Icurs  pctils  a  etc  employe  pour  esiimer  le  laux  de  croissancc  initial 
desjeunes;  il  donnc  des  indications  sur  la  date  des  naissances  el  la  longueur  i la  naissance.  Les 
rfeultats  ont  indiqui  que  la  ptupart  desjeunes  observes  i  la  p£ninsule  Valdez  sont  n£s  en  ao(tt     1 89 
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ou  a  unc  dale  vuisinc,  mcsurcnt  environ  5,5  m  a  la  naissance  ct  grandissenc  d'environ  35  mm 
chaque  jour  pendant  les  premieres  scmaines  de  leur  vie.  Le  rapporl  enlrc  la  dtiitance  mu- 
seau-trou  d'^ent  et  la  tongueur  toiak  a  ilA  dttenntni  pour  202  baleines  connues^  phcMo- 
graphiics  claircmLni  m;iis  "^ans  le  disque  permettant  de  comparer  la  taiiie.  Des  formules 
itabiissant  unc  liaison  cnirc  ccUc  dislancx  et  la  longueur,  ct  dccrivant  Ics  changements  qui  les 
afTectent  avec  le  temps»  ont  dti  atilistes  pour  estimer  le  taux  de  croissance  des  animaux  plus 
ages  et  elablir  un  tableau  approximatif  age-longueur.  Sur  In  b.isc  lU-  n  s  nSultats.  on  a  cstime 
que  les  femelles  de  cetle  population  atteignent  la  maiunie  sexuclie  vers  3  ou  4  am.  Ces 
nouvelles  techniques  ont  fourni  des  estimations  de  paramitres  employes  dans  les  modules  de 
populations  de  grands  c^tac&  sans  qu'il  soit  necessaire  de  les  tuer  et,  dans  certains  cas,  dies  le 
font  de  fa^on  plus  directe  que  Ics  mithodes  traditionnelles,  dependant  de  la  peche.  Certaines 
peuvent  £lre  probableiaent  appliqu£es  i  d*aatres  esptees  de  grandes  baleines. 

Ext/ueto 

Gracias  a  fotograHas  aereas  de  la  f>oblaci6n  de  ballena  franca  austral  (EtAalaena  Sp.) 

que  se  encuentra  frente  a  la  Peninsula  Valdes  (Argentina)  ha  sido  posible  reconocer  y  medir 
algunos  individiios.  El  rcconocimicnto  de  los  individuos  sc  consiguio  a)n  folografias  que 
mostraban  las  marcas  caracteristicas  (o  callosidadcs)  de  coloracion  clara  que  presentan  csas 
ballenas  Kntre  1971  y  1*^76  sc  hicieron  I  648  idenlificacioncs  de  484  ballenas  disiintas.  La 
longitud  de  las  ballenas  se  midio  directamente,  comparando  la  imagen  dc  la  ballena  en  la 
pdicula  oon  un  disoo  de  diAmetro  oonoddo  que  se  desplazaba  en  una  lancha  hkpida  cerca  de  la 
ballena  cuando  est.?  salia  a  la  >;iiperficic  para  respirar:  con  estt-  si^trma  '^c  midicron  29 
animales.  La  longitud  de  cuatro  ballenas  se  hallo  comparandolas  con  ballenas  de  longitud 
conodda  que  nadaban  paralelas  a  ellas.  De  igual  forma,  se  utiliz6  la  relaci6n  entre  la  longitud 
de  la  madre  y  los  ballcnatos  para  estimar  el  indice  inicial  dc  crccimiento  de  cstos  y  obtcncr 
dalos  sobre  las  fcchas  de  nacimiento  y  su  longitud  en  cse  momento.  Los  resuliados  indican  que 
la  mayorfa  de  los  batlenatos  observados  en  la  Pminsula  Valdds  bablan  naddo  en  agosto  o 

pocn  antes  o  dcspu6s  dc  esc  mcs,  tcnian  cn  cl  momento  dc  nacer  5.5  m  dc  longitLid  \  crccian 
unos  35  mm  al  dia  durante  las  primcras  semanas  de  vida.  En  202  ballenas  que  se  habian 
fotografiado  con  daridad,  pero  sin  la  presenda  del  disoo  necesario  para  deteiminar  su  talla,  se 
Iialld  la  relation  entre  la  distancia  desdc  cl  hocico  al  orificio  nasal  y  la  longitud  total.  Mediante 
formulaj*  que  relacionan  c»a  propoa'ion  con  la  longitud  y  describen  los  catnbios  que  se 
producen  con  el  pasar  del  tiempo.  se  estini6  el  Indice  de  credmienio  de  los  animates  adultos  y 
se  obtuvo  una  clave  aproximada  de  la  rclacion  cdaJ-longitud  .Sobre  la  base  de  esos  resuUados 
se  estimd  que  las  hembras  de  esta  poblacion  alcanzan  la  madurez  sexual  entre  los  3  y  los  4  anos 
de  edad.  Ktas  nuevas  tfcnicas  permiten  estimar  algunos  par&metros  utilizados  en  los  modelos 
dc  poblacion  dc  grandes  ballenas  sin  ncccsidad  dc  malarias  y.  cn  algunos  casos.  permiten 
haoerlo  en  forma  mis  directa  que  los  m6todos  tradidonales,  que  dependen  de  la  pesqueria. 
Rtobablemente  algunas  de  eatas  ttaikas  podiin  apticane  tambito  a  otras  espedes  de  ballenas 
de  gran  talla. 


U.  Whitehead 

OmdfH^  Vidm^,  CtmArtdge,  Bt^kmd 
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ASSESSING  POPULATIONS  OF  RIGHT  WHALES 


IntrodnctfoB 


In  1975  the  International  Whaling 
CommiiiSloa  adopted  what  was  called  the  New 
Management  Procedure  (NMP).  The  NMP 
requires  full  protection  for  any  stock  which 
fulls  below  10  %  of  the  nuudmum  sustainable 
yield  level. 

However,  once  a  stock  is  severely 
enough  depleted  to  require  full  protection,  it  is 
difficult  to  monitor  its  recovery.  This  is  be- 
cause, with  the  exception  of  aerial  and  ship- 
board censuses  (which  are  often  ambiguous), 
the  data  used  in  traditional  techniques  for 
estimating  whale  populations  have  come  from 
corpses  provided  by  the  whaling  mdustry.  It  is 
frequently  argued  that  without  these  corpses 
one  cannot  calculate  ages  (by  counting  growth 
layers  in  teeth,  baleen  or  plugs  of  wax  filling 
the  ear  canal),  determine  sex,  or  find  out  calv- 
ing rates  (by  examining  ovaries). 

Migration  studies,  as  Well,  will  sutTer 
because  they  have  traditionally  been  based  on 
finding  numbered  steel  darts  in  the  cooker 
after  a  whale  is  melted  down  for  oil:  these 
darts  were  fired  into  the  same  individual  at 
some  other  time  and  place. 

It  is  dear  that  if  we  are  to  monitor  the 
recovery  of  depleted  stodcs,  we  must  devetop 
new  methods  for  determining  such  parame- 
ters as  length,  age,  individual  identity,  sex,  re- 
productive iiistoiv,  and  migration  routes  that 
do  not  rely  on  killing  the  whales.  In  this  paper 
we  introduce  several  new  techniques  for  de- 
termining these  parameters  which  we  have 
developed  over  the  last  8  years  while  studying 
a  small  population  of  right  whales  (Euhalaena 
sp.)  off  the  coast  of  Argentina  in  the  protected 
waters  of  Peninsula  Valdez.  As  will  be  ex- 
plained, these  techniques  should  be  applic- 
able, with  minor  modifications,  to  most  if  not 
all  other  species  of  baleen  whales. 

We  also  give  length  frequencies  within 
the  Peninsula  Valdez  herds, calculate  length  at 
birth,  and  determine  the  growth  rates  for 
newborn  calves  and  later  stages. 


MedMMb 


Between  1970  and  1974  one  of  the  au- 
thors, working  from  the  coast  of  Peninsula 
Valdez  in  southern  Argentina,  censused  and 
photographed  right  whales  fimn  a  dngle  en- 
gine plane '.  We  attempted  to  obtain  several 
photos  of  every  whale  using  a  35-mm  single 
lens  reflex  camera  and  300-mm  f/2.8  lens, 
hand-held,  shooting  from  the  window  of  the 
plane.  In  all,  we  had  52  flights  of  an  average 
duration  of  3.2  h,  which  repeatedly  covered 
the  waters  in  the  vicinity  of  the  peninsula. 
Between  1971  and  1976  we  obtained  a  total  of 
19  590  photographs  of  whales  from  which  we 
have  been  able  to  make  1  648  identifications  of 
our  total  group  of  484  recognizable  individ- 
uals. Sometimes  there  are  several  identified 
whales  per  picture  (though  this  is  infrequent) 
and  sometimes  several  pictures  per  whale  (the 
usual  case).  The  technique  of  identifying  indi- 
viduals from  aerial  photographs  is  desoibed  in 
another  paper  (Payne  et  a!.,  in  prep.)  but, 
briefly,  is  as  follows:  the  head  of  every  right 
whale  is  naturally  adorned  on  top  and  sims 
with  a  series  of  raised  thickened  patches  of 
cornified  epidermis  called  callosities.  The  pat- 
tern of  these  callosities  is  dilTerent  in  every 
whale.  Changes  alter  birth  are  insignificant 
and  do  not  interfere  with  individual  recogni- 
tion. Because  most  callosities  appear  to  be 
lighter  then  the  surroundmg  normal  skin,  they 
show  prominently  and  their  pattern  can  be 
used  to  distinguish  individuals  (wc  currently 
recognize  454  adult  right  whales  in  the  Penin- 
sula Valdez  population).  The  callosity  pattern 
on  lop  of  the  head  is  best  seen  from  above  and 
can  be  photographed  from  a  plane  circling 
overhead  whenever  a  whale  surfaces  to  breath. 
Most  right  whales  can  be  photographed  well 
enougb  for  idratilication  in  less  than  6  minu- 
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tes.  Their  identity  is  determined  by  compari- 
son of  the  resulting  photographs  with  a  "head 
catalogue''  which  contains  clear  pictures  of 
every  head  we  have  seen  since  the  project 
started.  A  "known"  whale  as  referred  to  below 
is  a  whale  we  can  see  well  enough  in  our  pho- 
tographs  to  identify. 

Fiom  1971  lo  1973,  2  or  3  flights  were 
made  each  year  to  explore  a  new  technique 
(see  Appendix  1)  for  measuring  whales  by 
photogrammetry,  usmg  an  object  of  known 
size,  a  1-m  disc,  next  to  the  whale.  This  is 
accomplished  by  photographing  both  whale 
and  object  in  the  same  frame  from  a  plane 
circling  overhead.  The  photographer  is  in 
radio  contact  with  the  driver  of  the  boat  and 
tells  him  where  to  steer  so  as  to  be  next  to  the 
selected  whale  when  it  surfaces  for  air.  In  the 
resulting  photographs  the  whale  is  measured 
by  using  the  maximum  diameter  of  the  disc  to 
represent  1  m  The  reason  one  uses  the  maxi- 
mum diameter  is  that  no  nuiiter  what  angle 
one  is  at  in  relation  to  a  circle,  his  line  of  sight 
to  the  centre  of  the  circle  will  always  be  per- 
pendicular  to  at  least  one  diameter  of  the  cir- 
cle, and  that  diameter  will  always  appear  lo  be 
the  maximum  diameter.  Thus,  by  choosing  the 
maximum  diameter  of  the  circle  shown  in  the 
photograph,  one  has  a  scale  with  which  to 
measure  with  useful  precision  any  dimension 
of  the  whale  ttiat  is  perpendicular  to  the  ob- 
server's line  of  sight  and  which  lies  in  approx- 
imately the  same  plane  as  the  circle. 

In  an  improved  version  oi  this  tech- 
nique, the  circle  is  held  level,  allowing  any  di- 
mension of  a  whale  to  be  measured,  provided 
that  the  whale  is  lying  parallel  to  the  water's 
surface.  The  scale  chosen  is  that  diameter  of 
the  *l-m  disc  which  is  parallel  to  the  desired 
dimension  on  the  whale.  As  long  as  a  disc  is 
held  level,  each  diameter  in  the  resulting  pho- 
tograph will  be  correctly  foreshortened  for  use 
in  measuring  any  tine  in  the  plane  of  the  disc 
that  lies  at  the  same  orientation  to  the  obser- 
ver's line  of  sight  as  the  diameter  selected. 

When  the  whale  was  not  beside  the  disc, 
we  applied  a  correction  (see  Appendix  1  for 
measurement  techniques).  The  standard  error 


in  measurements  of  the  same  whale,  measured 
from  different  photographs  taken  during  the 
same  year,  is  0.32  m  (using  23  pairs  of  mea- 
surements). This  error  includes  all  qualities  of 
data,  for  much  of  which  the  end  points  of  the 
whale  were  not  clearly  visible.  For  measure- 
ments where  these  points  were  distinct,  the 
errors  approximated  0.2 16  m.  An  error  of  0.32 
m  for  a  12-m  whale  would  be  2.7  ^  (1.8  %  for 
clear  pictures).  H(>u  c\  er,  only  2  pairs  of  mea- 
surements of  total  length  were  used  in  the  cal- 
culation of  the  standard  error  (the  other  21 
were  of  shorter  dimensions  such  as  snout-to- 
blowhole)  and  thus  the  actual  errors  in  mea- 
suring length  may  have  been  somewhat  great- 
er. 


Results 


With  ihe  1-m  disc  we  obtained  length 
measurements  of  18  known  whales,  and  16 
unidentified  whales.  We  also  made  measure- 
ments of  total  and  of  snout-to-blowhole 
lengths  in  202  known  whales  which  we  ex- 
pressed only  as  a  ratio  (no  .scale  being  avail* 
able  in  these  photos).  In  4  additional  cases  we 
used  whales  as  rulers  to  measure  each  other,  in 
photographs  in  which  a  whale  of  unknown 
length  was  parallel  to  one  of  known  length.  We 
built  up  a  catalogue  of  these  absolute  and 
comparative  measurements,  on  known  and 
unknown  whales.  In  some  cases  measurements 
not  actually  made  could  be  inferred  (e.g.,  the 
Icncth.  L,  of  a  whale  could  be  calculated  even 
when  the  only  measurement  made  by  compa- 
rison with  the  drcular  disc  was  a,  snout-to- 
blowhole,  as  long  as  there  was  another  frame 
of  the  same  individual  taken  in  the  same  year 
from  which  the  ratio  a/L  could  be  estimated). 

Each  measurement  was  graded  from  1  to 
6  (good  to  bad)  depending  on  how  accurately 
the  measurement  was  judged  to  have  been 
made  (for  a  discussion  of  grading,  see  Appen- 
dix I).  A  summary  of  the  notations  used  is 
given  before  the  appendixes. 
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ASSESSING  POPULATIONS  OF  RIGHT  WHALES 


Length  frequencies 

Fig.  1  gives  hu>iograms  for  Irequenciesof 
3  difTerent  measurements  on  the  Peninsular 

Valdez  right  whales.  It  shows,  at  1-m  incre- 
ments, frequencies  of  measured  absolute 
length,  L.  It  gives  frequencies  of  snout-to- 
blowhole  length*  cr,  for  eveiy  0.25  m.  Fig.  1 
also  shows  the  most  accurate  determinations 
(grades  1  to  4,  with  the  whale  perpendicular 
to  camera)  of  z  (z  is  a  as  a  percentage  of  L) 
foreadi  1 

Fig  1  indicates  that  known  mothers  are 
the  longest  whales  in  our  population,  followed 
b)  wliales  whose  sex  was  undetermined  (we 
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of  L)  for  Ihc  most  accurate  determinations  (Grades  1-4).  The 
arailarityoftlteliistogjrunslbrzaiid  L  should  be  noted. 


suspect  here  a  high  percentage  of  males), 
which  are  in  turn  larger  than  calves  accompa- 
nied by  mothers. 

The  shape  of  the  hbtogniiii  for  z  and  its 
similarity  to  that  for  L  suggest  that  z  might  be 
an  indicator  for  L.  Thus  we  would  be  able  to 
determine  length  of  a  whale  from  any  pho- 
tograph in  which  the  ratio  of  a  (snout-to-blow- 
hole distance)  to  overall  length  could  be  cal- 
culated without  the  necessity  of  having  a  refer- 
ence object  in  the  picture. 

We  made  most  of  our  direct  measuring 
flights  in  November  (a  few  were  made  in  Oc- 
tober) which  is  almost  certainly  an  important 
factor  in  the  relative  abundance  of  different 
lengths  and  sexes  that  we  observed.  There  are 
2  reasons  for  this:  fi)  more  males  than  females 
had  lett  the  area  by  this  time;  (ii)  most  small 
calves  are  seen  earlier  in  the  season. 


Growth  in  calves 

There  were  photographs  of  87  calves 
swimming  parallel  and  right  next  to  their  moth- 
ers. Using  these  pictures  we  could  compare 
the  calfs  dimensions  with  those  of  its  mother's, 
and  we  could  calculate  ratios  such  as  Li/L^ 
(length  of  calf/ length  of  mother). 


Growth  by  month 

Fig.  2  is  a  series  of  histograms  LyL.  for 

each  calendar  month  in  which  aerial  census 
flights  were  made.  It  is  apparent  that  from 
September  through  November  the  calves  are 
growing.  The  best  data,  grades  1  to  4,  are 
shaded.  They  seem  representative  of  the  rest  of 
the  data  but  not  noticeably  better  grouped 
than  it 

In  order  to  quantify  this  growth  we  have 
plotted  in  Fig.  3  the  mean  value  of  LyL„,  for 
each  month  together  with  approximate  95  % 
ocmfMoioe  limits.  The  growfii  of  the  calves  is 
shown  dearfy  in  Fig.  3. 
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FlO.  2.  Histograms  ill  call's  k  ngih/ nuiihci's  k  iii!ili  lorcjch 
inonlh  The  hcsi  data  (C'.rMili  s  14)  arc  biackoiu  J  A  st  ak-  is 
included  lo  show  the  absolute  length  of  the  calf  if  it  had  a 
mother  of  "mean  length"  ( 13.66  m)  1  he  calves  appear  to  be 
growing  and  a  length  ai  birth  oT  3  to  5^  m  is  suggested. 


Growth  for  individuals 

For  20  known  mother  and  calf  pairs, 

L/L,  could  be  estimated  from  photographs 
taken  on  2  or  more  days  in  the  same  vear  In 
Fig.  4  the  change  in  LJL„  is  plotted  against  tlic 
interval  (in  days)  between  measurements. 
There  is  much  scatter  in  the  plots,  due  mainlv 
to  measurement  inaccuracies,  hut  siemficanl 
growth  is  shown  (signiticani  at  a  3  %  level). 
This  growth  was  niunericaUy  estimated  by  a 
regression  line  (see  Appendix  2),  \\  hich  gives  a 
rate  of  wrowth  for  the  calf  of  00253  of  mother's 
length/day.  Our  mean  ol  length  measure- 
ments for  12  known  motiieis  was  13.66  m.  If 
calves  are  growing  at  .00253  of  this  length  per 
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Pic.  3.  —  Mean  calfs  length/mother's  length  for  each  month, 
together  with  9S  %  oonlidenoe  limits.  The  slope  of  the  line  at 
die  bottom  right-hand  oonier  give*  the  rauo  oT  growth  of 
individually  known  calves  that  were  teen  more  than  onoe  in 

the  same  season  (from  Fig.  4X 
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datt.  The  dashed  hne  a  regression  line,  not  artificially  made  to 
pass  throuch  die  ori^,  usin^  aU  the  data.  The  dopes  of  these 
lines  give  the  approximate  innial  xate  of  growth  of  cahes. 
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day,  it  would  mean  that  the  initial  growth  rate 

of  right  whale  calves  is  34.6  mm /day.  This 
figure  is  in  remarkably  close  agreement  with 
Klumov  (1962)  who  found  the  rate  of  growth 
of  the  North  Pacific  right  whale  foetiu  just 
prior  to  birth  to  be  30-33  mm /day. 

To  compare  the  rates  of  growth  from  the 
monthly  histograms  and  ftom  tne  known  moth* 
er  and  calf  pairs  seen  more  than  once,  a  line 
with  slope  corresponding  to  .(X)253  mother's 
length/day  is  drawn  in  h'ig.  3. 1  he  slope  of  this 
line  seems  in  good  agreement  with  the  placing 
of  the  points  for  August,  September  and  Oc- 
tcihcr,  but  in  November  the  rate  ai  which  the 
overall  length  of  the  calf  is  increasing  seems  to 
have  slowed. 

Date  of  birth 

The  agreement  in  the  rates  of  growth  for 
.Aucust  throu"h  October  indicates  that  onlv  a 
small  proportion  of  the  obser\  cd  calves  were 
bom  in  the  latter  part  of  this  period.  For  if 
manv  neu  small  calves  were  being  added  to 
the  population,  the  rale  of  growth  of  the  mean 
of  the  population  would  be  slower  than  the 
average  rate  of  growth  of  known  individuals, 
and  it  is  about  the  same. 

Young  calves  are  usually  close  to  their 
mothers,  but  sometimes  either  the  mother  or 
the  calf  is  photographed  alone  (with  the  other 
being  just  out  of  the  frame).  In  order  to  deter- 
mine when  calves  are  born,  we  have  analysed 
pictures  containing  known  mothers  noting 
what  months  they  were  seen  vnttl  their  calves. 
Wc  have  then  calculated  the  percentage  of 
known  mothers  with  calves  to  known  mothers 
without  calves  for  each  month  June  through 
December  (see  Table  1). 

This  indicates  that  few  mothers  are 
photographed  before  their  calves  are  hom. 
There  are  several  plausible  explanations  for 
this:  (i)  mothers  rarely  come  to  Valdez  before 
their  calves  are  bom;  (ii)  they  do  come  but  are 
hard  to  photograph;  (iii)  most  of  the  calves  are 
bom  before  September  when  the  bulk  of  our 
photographing  begins,  it  seems  likely  that  the 
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Tahle  1.  Numbcn  and  p 

each  monlh 

reporlf 

MIS  of  knowi 

t  Malli 

en  tetm 

Nil  known  June 
muihcrs 

seen  3 

July 
13 

Aug. 
20 

Sep.  Oct. 
102  73 

Nov. 
30 

Dec. 
6 

No.  known 

mcnhcrs 
seen  with 
calves 

0 

12 

15 

93  67 

28 

6 

'r  known 
motheis 
seen  with 
calves 

0 

92 

75 

91  92 

93 

100 

figures  above  reflect  a  combination  of  these  3 

explanations.  However,  the  imprcssinn  ui\cn 
by  the  evidence  in  l  able  I  and  by  the  growth 
of  calves  is  that  the  majority  of  calves  are  born 
before  the  beginnmg  of  September.  Since 
some  sm.ill  calves  are  seen  in  October  (e.g., 
6.35  m )  and  they  are  growing  at  approximately 
l.tXJ  m  per  month,  these  calves  cannot  have 
been  bom  tong  before. 

We  are  aware  of  measurements  for  only 
a  few.  small,  southern  right  whale  calves  and 
foetuses  in  the  Uterature.  These  are  given  in 
Table  2. 

It  seems  from  the  table  that  the  majority 


TaUel  Small  tmilhcni  right  whale  cahcstuMlfbclvscs 


Source 

Dale 

of 

Measurement 

Length 
Ft  M 

Calf/ 
Foetus 

Commmee  lor 
Intern  iiiional 
Whaling  Su- 
tistks.  l93S 

12  JuK  mi 
22  Julv  mi 
28  July  1937 
21  Sep.  1937 

|7'2" 

ro" 

5.KV 
<i.02 
5.23 

aso 

hi)elus 

Fuclus 
Foetus 

Matthews,  1938 

26  Aug.  1926 

6.5 

Cair 

Lonneboig, 
1906 

12  May  1905 

4.19 

Foetus 

D'Oyly,  \m 

23  June  1832 

2oxr 

6.10 

Foetus 

Our  data* 

20  Sep.  m: 

1  yt" 

4  1  1 

tjocal  residcnis  rcponnl  ii  had  bcaclied  "in  Aujuh".  The  corpse  wis  id  good 
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of  calves  arc  born  in  or  near  August.  This  can 
be  compared  with  iClumov  (1962)  who  gives 
the  birth  date  of  North  Pacific  right  whales  to 
be  December  or  January. 

Length  at  birth 

The  minimum  lengths  of  calves,  and  the 
data  on  foetuses  in  Table  2,  indicate  that  there 
seems  to  be  considerable  variation  in  length  at 
birth.  The  dead  calf  we  found  on  a  beadi  in 
Argentina  and  measured  in  September  may 
have  been  premature.  Other  very  small  dead 
calves  were  seen  beached  in  Argentina.  The  2 
foetuses  greater  than  6  m  could  be  distorted  - 
1  comes  from  the  caption  to  a  picture  in  the 
slcetchbook  of  a  travelling  artist  which  was 
drawn  in  1832.  As  the  measurement  mven  is  as 
an  even  20  ft  it  raises  doubts  as  to  how  care- 
fully it  was  made.  It  also  seems  possible  that 
this  measurement  of  length  might  have  been 
taken  from  ftkc  hind  margin  of  Ime  flukes  rath- 
er than  the  fluke  notch  as  is  usual  (The  calf 
from  Lonneborg,  1906.  was  measured  incor- 
rectly -  to  the  hind  margin  -  thus  exagger- 
ating the  length  of  the  whale.) 

In  Fig.  2  we  have  noted  on  the  abci.ssa 
the  lengths  the  calves  would  have  had,  had 
they  ail  had  average  sized  mothers  (13.66  m). 
The  result  is  very  few  calves  smaller  than  5,5 
m.  approximately  17  %  of  the  calves  between 
5.5  and  6.0  m.  and  all  the  other  calves  greater 
than  6.0  m,  all  of  which  suggests  a  possible 
length  at  birth  of  S.S  m. 

As  further  evidence  for  a  length  at  birth 
of  approximatelv  5.5  m  we  have  3  calves  whose 
mothers  were  photographed  alone  early  in  the 
season  and  with  their  calves  later  that  same 
season  (see  Table  3). 

It  must  be  borne  in  mind  that  the  calf 
could  have  hidden  on  the  date  that  the  mother 
was  seen  "alone**  and  so  the  ages  ^en  calves 
were  measured  are  estimates.  However,  using 
the  mean  value  of  L,/L^  for  these  whales 
(0.427)  and  the  mean  length  of  mothers  (13.66 
m)  we  have  an  estimated  average  length  for 
the  calves  when  fiist  photographed  of  5.83  m. 


TiMe  3.  MotficniMiiakMM  and  then  wMadm* 


measured 

Date 

mother 
seen 
alone 

Date  calf 
fintseen 

Age  orcair 

uhen 
measured 
(days) 

Min  Max 

20  Oct. 

21  Oct. 
4  Oct. 

.432 
.478 
.372 

8  Sep. 
IS  Oct. 
29  Sep. 

26  Sep. 
21  Oct. 
4  Oct. 

24  42 
0  6 
0  S 

Calvd  GDitld  have  been  bom  on  die  <t«y»  wltcn  moihcn  were  seen  "alone". 


We  therefore  conclude  thai  while  the 
length  at  birth  is  variable  for  individuals,  iis 
mean  value  is  approximately  S.S  m,  and  al- 
most certainly  lies  between  4  and  6.2  m.  This  is 
in  agreement  with  Klumov  (1962)  who  put  the 
length  at  birth  between  5.0  and  6.0  m  for  the 
North  Pacific  right  whale. 

Initial  growth  curve 

Using  a  length  at  birth  of  5.5  m,  and  the 
calculated  growth  rates,  an  initial  growth  curve 
was  constructed  and  is  shown  in  Fig.  S.  It  is 
divided  into  2  parts,  the  division  cKXHirring  at 
an  age  of  2  months.  If  we  assume  that  southern 
right  whales  are  bom  in  August,  it  can  be  seen 
from  Fig.  3  that  at  an  age  of  about  2  months 
(October)  the  growth  slows  down.  The  actual 
initial  growth  curve  is  probably  more  like  the 
smooth  dashed  line  in  Fig.  5.  As  a  check,  the 
mean  length  of  the  9  calves  measured  in  No- 
vember is  also  shown  in  Fig.  5  when  they 
would  be  around  3  months  old  (again  assum- 
ing an  August  birth  date).  We  have  also  indi- 
cated the  95  %  confidence  limits  for  this  mean 
:)nd  it  can  be  seen  that  the  growth  curve  lies 
well  within  them. 


Growth  during  later  stages 

Unfortunately,  this  growth  curve  cannot 
at  present  be  continued  in  the  same  fashion  for 
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Fig.  S.  -  Initial  growth  of  calves  using  data  summarized  in 
Figp.  3  and  4.  The  duhed  line  it  a  smixxhcd  version  of  the  2 
Anubt  lue  porlioiis.  Tbe  awm  length  of  9  calves  measoied 
in  November  logf  dier  widi  95  %  orwfideiioc  iinitt  for  this 
mean  is  mufccd  at  3  months  of  age  (assnming  calves  bom  oi 
August). 


older  whales,  as  this  would  require  measure- 
ments of  known  whales  over  several  years. 
Because  our  measuring  flights  were  primarily 
intended  to  determine  the  feasibility  of  our 
new  measuring  technique,  we  could  not  afford 
speciAcally  to  seek  out  mdividuals  measured 
in  previous  years  for  remeasurement.  As  a  re- 
sult, we  have  only  one  known  whale  (No.  156), 
a  male,  which  was  measured  directly  in  more 
than  1  year  (we  now  plan  to  extend  our  mea- 
suring progranune«  oonoentrating  on  remea- 
suring  previously  measured  individuals).  How- 
ever, we  have  been  able,  using  a  less  direct 
method,  to  estimate  the  later  growth  stages. 

From  Fig.  1  it  appears  that  z  (snout-to- 
blowhole  distance.  «,  as  a  percentage  of  length 
L)  is  related  to  length.  By  using  the  regression 
of  Log  a  on  Log  L,  the  following  relationship  is 
obtained: 

Z=7.36XL"« 

(see  Appendix  3  for  details) 

Because  z  is  a  ratio,  its  determination  does  not 
require  having  an  object  of  known  size  in  the 
same  frame  with  the  whale,  thus  we  are  able  to 
measure  z  fiom  any  dear,  full-length  photo- 


graph of  a  whale.  Using  this  metht^d,  we  were 
able  to  measure  46  known  whales  m  2  or  more 
years.  Using  the  most  accurate  sets  of  mea- 
siuements,  we  have  expftssed  z  as  a  flmction 
of  the  growth  in  z  per  year  (fe/A): 

z»  -  4.138  (5z/6t)  +  21.66 

(see  Appendix  1  for  details)    (2) 

On  integration  this  gives  a  growth  curve  for  z: 

z-  21.66(1  -c-**'^-^    (3) 

(where  t  is  the  age  in  years  and  t^  a  constant  of 

integration). 

Combining  equations  (l)and  (3)  we  can  create 
a  growth  curve  for  L: 

L  =  17.04  (1  -  e-*^'^-'^    ....  (4) 

To  fix  tk,  one  further  piece  of  informa- 
tion was  used:  the  measured  lengths  ol  whale 
No.  156(7.77  m  on  17  November  1972  and  9.9 
m  on  21  November  1973).  Using  the  initial 
growth  curve  (Fig.  5)  this  would  make  No.  156 
2-3  months  old  on  17  November  1972,  with  a 
birth  date  in  the  first  half  of  August  of  that 
year.  He  was  first  seen  by  us  on  8  September 
1972  (fortunately  after  his  theoretical  birth 
dale!).  On  24  November  1973  he  would  be  1.2 
years  old.  Putting  t  -  1.2,  L  «  9.9  in  equation 
(4)  we  find  t^  —  -  5.79  years  and  the  formulae 
for  growth  in  z  and  L  become: 

z»  21.66(1  -.e-^*"»}    (5) 

L  =  17.04  (1  -  e  ...  (6) 

Fig.  6  shows  the  growth  curve  givoi  by 

equation  (6)  added  to  the  curve  of  initial 
growth  from  i  ig.  5.  It  is  gratifying  that  the 
curves  appear  to  join  smoothly. 

In  Rg.  7,  the  growth  curve  for  z  is  plotted 
for  whales  older  than  1  vcar,  using  formula  (5). 
Also  plotted  are  the  S  siiuillcst  whales  for 
which  we  have  measured  L  (age,  t,  was  esti- 
mated from  Fig.  6).  There  seems  to  be  rapid  197 


Copyrighted  material 


H.  WHITEHEAD  ft  R.  PAYNE 


o*-  1 — " — t        J        i        a        •        7"       »        •  10 

FiC.  6.  -  Approxicnale  mean  growth  curve  for  the  southern 
right  whale.  Dashed  line  indicates  95  %  oonfidence  limils  for 
tlUB  meui  (see  Appendix  4). 


Sexual  maturity  of  females 

The  smallest  mother  accompanied  by  a 
calf  that  we  have  measured  was  12.44  m  (we 
have  measured  5  mothers  between  12  and  13 
m  (see  Fig.  1).  Ii  seems  reasonable  to  assume, 
therefore,  that  an  average  female  becomes  sex- 
ually mature  at  between  12.5  and  13  m  or, 
using  our  age-length  key  (Fig.  6),  between  2.5 
and  6  years  (average  3  or  4  years).  We  now 
have  IS  calves  of  unknown  sex  seen  at  age  4  or 
older,  of  which  9  were  seen  at  age  5  or  older.  In 
no  case  has  one  of  the.se  calves  appeared  with  a 
calf  of  Its  own.  This  strongly  suggests  that  the 
age  of  sexual  maturity  for  fema^  is  consider- 
ably older  than  indicated  by  our  age-length 
key. 


Further  appUcatioos  or  our  methods 


variation  in  the  growth  of  z  in  the  first  year  of 
life  and  we  feel  there  is  not  sufficient  data 
conently  available  to  estimate  this  growth. 


'*0  >  S  «  ■  •  7  •  •  » 

M«  III  turn 

Fio.  7.  -  Anmrninune  meio  growih  cuve  for  z 
(snoul-to-blowbole)  ts  t  pereenUj^  of  total  length.  Dashed 

line  indicates  95  %  confidence  limits  for  this  mean  curve  (lee 
Appendix  4).  Points  are  plotted  for  the  eight  smallest  whale* 
meaauied,  thetr  agea  being  ettimated  from  Hg.  6>, 


With  the  amount  of  data  analysed  to 

date  our  age  length  key  can  be  no  more  than 
tentative  but  as  more  information  becomes 
available  the  accuracy  can  be  increased  and 
perhaps  someday  wc  will  be  able  to  dniwsq>- 
arate  curves  for  each  sex.  Even  with  our  pres- 
ent confidence  limits  it  may  be  possible  to  use 
the  curves,  in  conjunction  with  the  measured 
leng^s  and  z's  to  obtain  estimates  of  mortality . 

In  the  traditional  metht>ds  of  construct- 
ing age-length  keys,  an  mlermediate  mdicator 
of  age  (such  as  dentinal  layers  or  ear  plug 
laminae)  is  used.  The  validity  of  these  indica- 
tors has  been  questioned  partieularh  with  ba- 
leen whales.  Because  our  method  of  measuring 
whales  does  not  require  a  dead  whale,  whales 
can  be  measured  (by  L  or  z)  several  times  in 
their  life,  and  growth  can  be  determined  di> 
rectly. 

Some  of  the  ideas  presented  here  can 

probably  be  applied  to  other  large  whale  spe- 
cies: comparisons  between  measurements  on 
mothers  and  calves,  when  photographed 
swimming  parallel  to  one  another,  should  be 
possible;  the  estimation  of  length  and  thus  age 
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from  7  could  be  particularly  important  in  esti- 
mating gross  length  or  age  frequencies  of  other 
species.  All  that  is  needed  is  one  aerial  pho- 
tograph per  whale,  |mferably  with  the  whale's 
long  axis  approximately  perpendicular  to  the 
photographer's  line  of  sight,  showing  the 
snout,  biowholc  and  flukes.  The  position  of  the 
dofsal  fin  might  also  be  an  important  point  to 
measure.  The  important  factor  in  the  success 
of  this  method  is  the  slope  of  the  regression 
line  in  the  plot  oi  Log  a  aeainst  Log  L.  The 
ftarther  it  is  from  unity  the  better  the  method 
works,  indicating  that  head  and  body  grow  at 
quite  distinct  rates  Shown  below  are  some 
values  of  this  slope  tor  dillerent  species  in  the 
adult  (defined  as  post-weaning)  growth  stages, 
based  on  measurements  reported  in  the  lit- 
erature. 

Southern  right  whale  -  this  paper  -  1320 

Balaenoptera  -  Ohsumi,  1960  1.41 

Megaptera  —  Ohsumi, 

1960  CO  1.41 

These  fieures  indicate  that  our  technique 
should  have  broad  applicability  within  the 
mystloetes. 

It  is  frequently  said  that  some  form  of 
fisher)'  is  essential  to  obtain  valid  population 
data  on  whales.  Our  work  in  analysing  mea- 
surements from  aerial  photographs  provided 
estimates  of  some  of  the  parameters  (such  as 
age  at  sexual  maturity)  on  which  population 
models  arc  based.  The  time  span  between 
calvings  of  known  females  is  being  obtained 
from  direct  observation,  and  stock  estimates 
are  being  made  by  noting  the  ratio  of  known  to 
unknown  whales  in  successive  airflights  over 
the  same  population.  Because  this  technique 
uses  natural  patterns  of  individual  whales  (of 
which  we  currently  recogni/e  484)  we  can  also 
study  migration  paths  and  destinations  by 
seardiing  for  known  right  whales  elsewhere  in 
their  range.  This  work  shows,  we  think,  that  it 
is  feasible  to  determine  parameters  for  popu- 
lation modete  of  large  eadansered  vhaie  spe- 
cies without  lolling  mem,  and  that,  at  the  veiy 


least,  the  approach  is  worth  investigating  fur- 
ther. 

We  intend  to  improve  on  our  data  on 
eight  whalts  to  increase  the  validity  and  ap- 
plicability of  our  conclusions,  but  we  already 
feel  that  other  scienlisls  should  consider  these 
methods  before  Uiey  sanction  further  reduc- 
tion of  endangered  whale  species  on  grounds 
that  no  other  tedmique  can  be  used  to  estimate 
stocks. 


Summary 

(1)  A  new  technique  is  described  for  mea- 
suring whales  by  photogrammetry  to  an 
accuracy  of  approximately  3  %.  It  em- 
ploys a  disc  of  known  diameter  driven  by 

a  boat  into  the  camera's  field  of  vnew 
when  a  surfacing  whale  is  being  photo- 
graphed by  a  hand-held  camera  from  a 
light  plane. 

(2)  The  results  indicate  that: 

-  the  initial  growth  rate  of  the  southern 

right    whale    is    approximately  35 
mm/day,  for  the  first  few  weeks  of  life; 

-  the  majority  of  calves  seen  at  Peninsula 
Valdez  are  bom  in  or  near  August; 

-  southern  right  whales  are  approximately 
5.5  m  at  birth. 

(3)  We  have  constructed  an  age-length  key 
for  the  southern  right  whale,  together 
with  confidence  limits  for  it 

(4)  We  have  given  a  curve  of  z  (snout-lo- 
blowhole  length  as  a  percentage  of  total 
length)  agaiiut  time.  It  is  pointed  out 
that  measurements  of  z  from  single 
photographs  of  other  baleen  whales 
could  vd^  probably  be  used  successfully 

as  an  indication  of  age.  1 99 
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Live  whales  were  measured  by  photogrammetry 

using  an  object  of  known  size  next  lo  the  whale  pho- 
tog^phed  by  a  3S-iiiin,  single-lens  leflex,  hand-held, 
motor-drive  camera,  through  an  f/2.8  300  mm  lens.  On 
most  occasions  the  object  photographed  was  a  white 
disc.  I  m  in  diameter,  painted  on  a  flat  board;  it  was 
carried  next  to  the  whale  on  the  bow  of  an  outboard 
motor  boat,  which  was  in  radio  ooulact  with  an  aero- 
plane circling  overhead 

Pictures  conlaining  the  disc,  m  which  ihc  whale 
was  tying  peipendicolar  to  a  line  joining  the  whale  and 
the  earner.!  were  analvscd,  The  judgement  thai  the 
whale  was  perpendicular  was  made  by  eye,  with  a 
probable  error  of  less  than  S*.  Usually  a  sequence  of 
frames  was  taken  with  a  motor  drive  camera  from  an 
aircraft  circling  close  to  the  whale  so  that  there  was  at 
least  1  frame  in  whidi  the  whale  appeared  peipendica* 
lar  to  the  line  joining  it  to  the  camera. 

The  length  and  other  dimensions  of  the  whale 
were  calrailatfd  by  comparing  ihcir  measiucd  lengths 
200    on  the  native  with  the  maximum  diameter  of  the  disc 


A  correction  was  applied  in  cases  where  the  distances 
camcra-tO'whale  and  camcra-to-disc  were  different  so 
diat  (he  length  of  the  whale  (L)  was  given  by: 

'-7('*tV*^>'-'1"^ 

llus  was  done  using  a  -i-  (plus)  sign  if  the  whale  was 
flirther  ftom  the  camera  than  the  dkc  and  a  —  (minns) 
sign  if  the  whale  was  doser  to  die  camera  than  the  dnc. 

1  nun  »  measured  length  ofwhale  OB  negative 

u  nun  —  measured  maximiim  diamelcrof  disc  on  negative 

h  nun  •  measured  distance  ftom  centre  of  whakioceniie 

of  disc  on  negative 
$  mm  "  measured  diameter  of  disc  which  when  exieuded 

pa.vscs  through  centre  ofwhale 

V  nun  =  "image  distance"  of  camera  lens.  This  was  calcu- 

lated by  photographing  a  scries  of  objects  of 
known  size  at  known  distances  and  measuring 
(heir  image  lengths  on  the  resulting  negatives 
asing  a  photogrammetry  measuring  stage  accurate 
to  I  micTi  n  fhi-  rLMiliinL'  measurements  were 
used  to  calculate  mia^e  distances  for  our  camera 

leases  aooonling  lo  the  formula: 

obfeci  distance  X  image  size 

V  •=  image  distance  =■  . . 

object  (ize 

In  our  final  year  (1974)  we  devdoped  a  new 

(ecfaniquc  holding  the  disc  hori/ont.il  during  measu- 
rement. When  a  whale  was  parallel  with  the  surface 
(e.g^  while  breathing)  any  dimension  of  the  whale  couM 


Flo.  8.  —  Riehi  whale  and  disc,  showing  measurements 
auidc  Aom  eaoi  negative  and  used  in  calcutatioas  of  kngth. 
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Letter 

Units 

Definition 

a 

m 

Snout  bp  to  centre  of  blowholes 

a 

Consiani  used  in  allometrv  formula 

fi 

degrees 

Angle  of  yaw  ol  whale  (between  midline  of  whak  and  a  line  lying  on  the  water  s  surtaie  w  hich  n 
perpendicular  to  the  Uoe^tr-sigbt  tnm  camera  to  whale) 

b 

ComtaDl  nied  in  allometry  foimala 

d 

m 

Depth  of  whale 

e| 

m  or  % 

Errors  in  urowih  curve  due  to  errors  in  reercssion  of  /  on  Hz/Hi 

2 

m  or  % 

Errors  in  growth  curve  due  to  errors  in  regression  of  Lug  u  on  Log  L 

m  or  % 

Errors  in  growth  cmve  due  to  erron  ia  estimation  of  t^ 

h 

nun 

MeisiiRd  distaDce  fion  centre  <^  whale  to  centre  of  disc  on  negative 

t 

nun 

Measured  length  of  whale  on  negative 

L 

m 

Length  of  whale  —  fluke  nolch  tosnout  lip 

m 

Length  of  calf 

m 

Length  of  mother 

m 

True  length  of  whale  (see  Appendix  1) 

M 

Reftacltve  index  of  water 

m 

m 

Height  of  camera  above  water  surface 

n 

Number  of  data  points  when  applying  regression  error  formulae 

% 

Indicator  of  how  accurately  measurement  (k)  is  made     defined  in  Appendix  1 

Hit) 

<"L                             1                                                  .1.                  I.J.I              .1                 IJ~            J"*  1*1 

Indicator  o(  h<<w  much  nuMMirci  u  f- i  (k  i  is  related  to  length  -  detlncd  in  Appcndu  1 

fi 

Standard  error  in  height  of  regression  line 

r 

Correlation  coefTicient 

c 

mm 

Measured  diameter  of  disc  which,  when  extended,  passes  Ihroagh  oentre  df  whale 

T 

degRcs 

Inclination  angle  (pitchX  between  mUUine  of  whale  and  water's  surface 

e 

degrees 

Angle  between  camera-to-disc  Hoe  of  sight  and  line  parallel  to  water  suifaoe  passing  through  centre 

of  disc  and  centre  of  whale 

t 

yean 

Age  of  whale 

yeius 

Tbne  when  z,  is  measured 

yean 

Time  when     is  measured 

% 

vears 

Constanl  nfiniciiralion 

U 

mm 

Measured  maximum  diameter  of  disc  on  negative 

V 

mm 

Image  distance  of'camcra  lens 

(x.y)  1 

Used  in  allometry  and  regression  error  formulae 

Mean  values  of  Xj,  yt 

z 

% 

a/L X 100 

% 

Value  ofz  at  time  t| 

% 

Value  ofz  at  timet] 

f 

% 

(z,  +  z,)/2 

%yr-' 

(z,  -  t^/t 
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be  measured  by  comparing  it  with  whatever  diameter  of 
the  horizontal  disc  was  parallel  to  the  dimeasion  in 
question.  Regardkn  of  the  pomt  view  from  whidi  a 
circle  is  observed,  the  circle  always  shows  a  correctly 
foreshortened  diameter  for  measuring  any  line  parallel 
to  that  diameter  in  the  same  plane  as  the  drde. 

For  each  identified  whale  we  recorded  (i)  all 
absolute  length  measurements  made  either  (a)  directly 
from  the  di^r.  or  (b)  through  an  intermediate  whale  or 
whales:  (ii)  all  comparative  ratios  made  between  the 
identified  whale  and  other  whales,  known  or  unknown, 
that  were  photographed  parallel  to  it;  (ill)  all  ratios  of 
measurements  of  the  identified  whale  (e.g.,  z). 

Each  measurcmen)  ot  raUo  was  cradcd  from  I  to  6 
(good  to  bad)  depending  on  hovt  accuraleiy  we  thought 
the  measurement  was  determined.  Factors  influencing 
the  choice  of  grade  included:  (a)  the  clarity  of  the  end- 
poinls  of  the  measurements,  (b)  certainty  of  identity  of 
the  whale  (any  imoertainty  ammnatiaDy  gave  the 
measurement  grade  6),  fc)  the  straighlness  of  the  whale, 
(d)  how  parallel  2  whales  being  compared  really  were, 
and  (e)  how  many  steps  were  involved  in  calculations  of 
lengths  from  parallel  whales.  The  orientation  of  the 
whale  to  the  line  between  camera  and  whale  was  also 
recorded  when  recording  ratios  sudi  as  z. 

As  an  example  of  grading:  a  measurement  made 
from  a  well  identified  whale  with  its  body  held  straight 
and  perpendicular  to  the  camera-whale  Une  whose 

cndpoint!>  were  dearly  visible  would  be  graded  I;  one 

which  had  a  small  failiqg  in  any  of  these  categories 
might  be  graded  3.  whfle  one  wbidt  lequiicd  visual 
extrapobtion  to  find  the  endpoints  would  be  graded  61. 


Theoretical  errors  bt  eatr  mUhod  ^  meaanrii^ 
j^otogropla  laktH  ftom  the  air 

Wc  considered  5  dilTcrent  M'lirces  of  errors:  (i) 
errors  due  to  the  whale  not  bcmg  beside  the  disc,  (ii) 
errors  due  to  the  long  axis  of  the  whale  failing  to  per- 
pendicular to  the  line  joining  whale  and  camera,  fiii) 
errors  due  to  inclination  of  the  whale,  (iv)  distortion  ol 
dimensions  of  whale  due  to  lelhwtion  of  light  by  water, 
(V)  mcasuiement  mon.  We  will  consider  these  in  order. 


Errors  due  to  whale  not  being  beside  the  disc 


oosec6  -   "  and  \/ (-f  -  1  =  cot  e 


Fig.  9.  -  Diagram  of  a  plane  through  camera,  disc  and 
whale.  The  angle  between  the  csmera-to-diac  Une  and  the 
watersuifiueisd. 


In  our  photography  B  >  3<r,  h  <  20  mm  (as 
35-mm  film  was  used  and  the  camera  was  held  with  the 
long  axis  of  the  frame  horizontal)  and  v  *  300  mm. 

Therefore  the  correction  due  to  the  whale  not 
being  beside  the  disc, 

was  less  than 

llie  errors  in  this  correction  were  principally  due  to  the 
whale  not  lying  in  the  pfaine  of  the  disc  For  often  either 

the  disc  was  tilted  when  the  boat  rode  over  waves,  or  the 
whale  would  be  lying  beneath  the  surface.  These  errots 
were,  we  feel,  less  than  5".  Using  9  «  35"  and  25*  we  have 
corec(ion>  of .  1 14  and  .  1 72.  Thus  in  the  extreme  case  the 
error  in  the  calculated  length  of  the  whale  would  be  less 
than  about  .03  (.172  -  .139  -  .033)  of  the  true  length, 
or3%. 

£imm  dise  to  yaw  t^  whaie 

If  the  whale  is  yawed  in  the  hon/ontai  plane,  and 
not  perpendicular  to  the  line  joining  the  whale  and  the 
camera,  the  true  length  of  the  whale  (L')  is  given  by: 

L'  -  L  y/  cos'/}  -I-  sm>i8  sin>Ometres 

Where  L  metres  is  the  calculated  length  ot  the 
whale  by  the  formula  in  the  text,  /T  is  the  yaw  of  the 
whale  in  the  horizontal  plane. 
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Fio.  10.  -  Bird'';  eye  view  of  whale  showing  angle  of  yaw. 
Solid  line  lies  i  n  w  iicr  surface  and  ii  peipeBdiculir  to  line 
between  camera  and  the  whale. 


From  this  we  find  that  to  produce  a  given  error 
<  %  in  the  calciihted  whale  lengdi,  the  yaw  (fT)  needed 
is  given  by: 


j8-co»-'(V^ 


cose 


sin-  6) 


) 


ThMe  4.   Criliciil  angles  for  a 


0'=W 

8= 

0= 

45" 

30° 

0= 

=0* 

P' 

i6.fr 

P' 

1L5' 

P' 

9Ar 

«-aS%    /J- 35* 

P' 

1 1.5* 

P' 

8.1' 

P' 

fi'5T 

Thus,  if  6  =  60"  and  6  pictures  are  taken  regularly 
as  the  aeroplane  flies  in  a  semidivle  around  die  sorfac- 
ingirfiale,  the  error  due  to  the  whale  not  being  perpen- 
diotthu'to  the  line  between  the  whale  and  the  camera  in 
the  final  result^  calculated  from  the  "best"  photograph, 
is  less  than  1  %  (the  change  hi  jS  between  pictuns  is 


180* 


-3(r 


and  so  for  the  '*best"  picture  /8  is  less  than 

30° 
2 


-  15*. 


Emn  dot  to  InelbwthH  «f  ¥rh/de 

Exactly  the  same  thcorv  can  be  ased  to  calculate 
the  errors  due  to  the  inclination  of  the  whale  to  the 
water  suifaoe  in  die  vertical  plane  t,  but  0  iniist  be 
rqifaioedby90-0. 


Table  5.  bMlinations  of  whala  needed  lo 
rors  In  length  measuranents 


*-5(r 

«-<iO<- 

0-45° 

T-9.4* 

6=0.5f, 

7=5.7° 

7-6.6° 

T-  8.r 

T-IIT 

The  inclinations  (7)  needed  10  pioduce  gjven  er« 
rors  (S)  are  shown  in  Table  5. 


Errors  due  lo  refraction 

FrnaUy  we  studied  the  erms  due  lo  refraction,  as 

often  the  extremities  of  the  whale,  berween  which  the 
measurements  are  made,  will  be  beneath  the  water  as 
die  photograph  is  taken. 


Flo.  11.  -  Indioation  angle  ofwbale  to  water  surface. 


The  error  (5L)  due  to  refraction,  in  the  calculated 
length  of  the  whale,  S  metres  below  the  surface,  pho- 
tographed fiom  m  metres  above  the  surface,  is  given  by: 


^    L8  ,  /      sin  8  v 


metres. 


where  fi  is  the  refractive  index  of  water. 

The  percentage  error  in  the  flnal  lengdi  of  the 
whale 


L 


X  100 


is  given  by: 
SL 


—  X  100  •  100  - 
L  m 
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TaHc  6.   Rotation  or  angle  of  view  (ff)  to  errors  in 
lengUi  due  to  refraclioa  by  sea  water 


%  cffor 


«.9(r    0-60°    0-45°  0-30 


0.25%     0.30%    0J7%  0^% 


Using  5  =  1.0  metres,  m  -  100  metres,  n  - 
1 J32,  we  get  the  values  indicated  in  Table  6. 

This  formula  is  linear  in  and  m.  so  the  percent 
enor  for  the  above  values  of  6  can  be  calculated  with 
different  depths  (d)  and  camera  heights  (m).  For  in- 

stance,  if  0  =  45°.  d  =  2  metres,  m  =  ?0  metres,  the 
error  m  the  final  length  of  the  whale  is  approximately 


37  X  — X 


100 

50 


»  1.5  %. 


In  our  situation  6  >  30' d  -  2  metres,  m  =-  100  metres, 
and  the  errors  due  to  refraction  are  less  than  1  %. 


Errors  in  longitudinal  aerial  measurements  oj  southern 
right  vfhaUs 


Mea-surement 
(our  notation) 
(k) 

[I] 
[4| 
[5] 
(6] 
PI 
[8] 
[91 


0.2  % 

0.99% 
0.82% 
2.72% 
1.14% 
0.85  % 
20.40% 


0  102 
U.091 

ai2s 

0.085 
0.094 
a520 


Twenty  different  whales  were  used  (t  ~  I  •  •  •  20). 

Six  different  head  measurements  were  considered 
^  -  4,  5.  6.  7,  8,  9)  plus  the  total  length  of  the  whale. 
Each  measnrement  was  made  3  times  Q  -  1, 2,  3)  for 
each  whale,  x,^  is  the  jth  time  the  kth  measurement  was 
made  on  whale  i: 


•  W  -  I  -/i|(V)'-(,i,(V>r/20  Sup  ll,  Cx,M/3] 


Where  Sup      (X|{^)/3]  is  the  greatest 

value  of  [i,  (Xy^)/3] 

Let   -  i    '  ,i, 

{X,;  is  j'th  measurement  of  length-snout  Up  to 
fluke  notch)  (Fig.  12).  Then: 


v(k)=  [■/!,       (I,  O.'O""] 


j-i 


<I»(k)  givL-s  ;tn  intiication  of  how  attiinitcly  the 
measurements  are  made.  For  instance,  when  making 
measurement  7  we  can  es|Mct  a  measurement  error  of 
the  order  nf  ]  \4  %  in  each  measurement  from  the  true 
value.  A  high  value  of  4>  (k)  means  that  the  measure- 
ment is  hard  to  make,  a  low  value  that  it  is  easy.  ^  (k) 
s'i\cs  an  indication  of  how  cIikcIv  related  a  particular 
measurement  is  to  length.  High  values  of  4  (k)  indicate 
poor  conelaiioiL  low  values  a  good  oofidation. 


tlukt  noich 


tr«nl  of  po*i  bloa  hot«  li 

boilicf 


Fig.  12.  -  Measurements  nuule  on  aerial  photographs  oT 
soothcra  right  whales. 
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The  a  (3  in  "Discover}'"  notation)  we  use  is  i^poidix  3 

fneanirement  (71  +  measurement  [9]  and  wbile  not 

directly  measured  in  this  surv  ey  prohnhlv  wnuld  have  ♦ 

and  <f  values  close  to  those  of  measurement  [7],  with  Methods  Used  in  Obtaining  Gnnrtfa  Curve 

perhaps  ^  a  little  htghcr,  and  9  a  Uttle  kwer. 


Sununaiy 


In  the  normal  case  where  a  circling  aeroplane  is 
taking  pictures  almost  oontinuonaly,  the  total  error,  if 

6  =  30",  due  to  errors  in  correction  for  the  whale  not 
being  beside  ihc  disc  (<  3  %\  the  yaw  of  the  whale 
(<  1  %),  the  inclination  of  the  whale  (  <0.5%)  and 
refraction  (<  1  %)  is  less  than  5.5  '¥  (3  +  1  +  0.5  +  1) 
and  probably  around  ?  as  these  efTects  will  rarely  all 
produce  their  maxmium  errors  in  the  same  direction  at 
the  same  lime  (emns  deciease,  in  general,  as  0  increa- 
ses). 

Errors  due  to  mismeasurement  were  reduced  by 
making  3  separate  attempts  at  eacb  measnionent  and 
using  tibcir  mean. 

Appendix  2 


Regression  lines  for  Individual  Growth  Rates 


Huxley  (1932)  determined  experimentally  that  2 
different  dimensioiis  of  animals  (x  and  y)  tend  to  be 
related  as: 

y-lMf  (7) 

Ohsiimi  (1960)  found  that  for  balaenopterids  the 
constants  a  and  b  arc,  in  general,  different  for  the  dif- 
ferent growth  stages  (such  as  birth  to  weaning,  or 
weaning  to  physical  maturity).  Plotting  Log  x  apainst 
Logy,  Huxley's  formula  17J  is  a  straight  line,  of  slope  a, 
and  aa  intemept  Log  h.  This  rdationship  is  called  by 
Ohstmii  the  "allometry  formula". 

We  considered  the  aUometry  formula  of  a  and  L 
for  flMsewliales  where  both  aand  Lhad  been  measur- 
ed. Where  ju.st  one  of  them  was  present  we  combined  it 
with  a  calculation  of  z  from  another  frame  taken  in  the 
same  year.  In  this  category  we  had  a  total  of  17  known 
whales  and  24  unknown  whales  (one  whale*  Now  156,  is 
plotted  in  2  different  years). 


The  mitial  rate  of  growth  of  calves  was  estimated 
by  fitting  a  regression  Ihie  which  passed  dirough  the 
origin  to  the  points  in  Fig.  4  (as  no  calf  would  grow  an 
appreciable  amount  instantaneously).  Lines  using  the 
best  data  (with  both  endpoints  Grade  5  or  better),  the 
WOfSt  data  (ona  or  both  endpoints  Grade  6),  and  all  the 
data,  agree  very  closely  the  slopes  of  these  lines  are 
l^pectively  .00255,  .00253  and  .00253  of  the  mothers' 
tettgdi  per  day. 

As  a  check  against  bias  a  regression  line  was  fitted 
to  the  points  but  not  artificially  made  to  pass  through 
die  or^ui.  The  niiefoept  was  .0033  on  the  y  axis  and  the 
slope  00242.  a  very  close  agreement  with  the  lines 
which  were  made  to  pass  through  zero  (see  Fig.  4). 

In  Fig.  4  it  can  be  seen  that  20  whales  appear  to  be 
growing  and  9  shrinking;  that  is  20  points  lie  above  the 
line  L^L,.  0,  and  9  below.  The  probability  of  20  or 
more  ptMnls,  out  of  29,  being  above  the  line  if  they  were 
equally  likely  to  fall  above  or  below  it  (a  situation  of  no 
growth)  is  approximately  .02,  i.e.,  the  probability  of 
obtaining  this  or  more  significant  data  when  the  whales 
were  not  growing  is  about  .02.  We  therefore  conclude 
that  significant  growth  is  shown  (at  the  5  %  level). 


OM 
0.6 

0.4 

6  0.C 

o 

0 

-012 
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neoRESsioN  line  for 
MtSfiNTINB  OATA 


aa      04  OOB 


1.0       12  1.4 

LOG  L 


ARGENTINE  DATA  -  ORADFS    '  4 
ARGENTINE  OATA  -  GRiDEE  S,'- 
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NOaTH  AlUUfnC    AUEN  WM,  iMDREWS  MM 
NORTH  MCme    KLUMOW  tlSSHl.  MMSUMA  (I94SI, 
0MIIRA(I9S8),  OMURA     <s>  (1969) 


Fig.  13.  -  .Allomcln.  o  (snoul-to-blowhole  length)  and  L 
(total  length).  Log  a  plotted  against  Log  L.  A  regrenioB  iineof 
Log  a  on  Log  L  for  the  Argentine  data  is  shown. 
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In  Fig.  13  we  have  plotted  Log  a  against  Log  L  as 
Ohsumi  (1960)  did  for  fln  whales.  Also  plotted  are 
measwementt  of  riglit  whales  gpven  in  the  filenituie. 
There  seem  to  be  only  5  measurements  of  a  and  L  for 
the  southern  right  whale  in  the  literature  (ail  are  from 
Matthews,  1938).  We  have,  tiierefore,  added  in  values 
for  North  Pacific  right  whales,  of  which  we  know  of  27, 
and  North  Atlantic  right  whales,  of  which  we  know  of  2. 
There  seems  to  be  Uttk  variation  in  the  value  of  L  for 
aoy  gyvm  a  between  the  different  species  (or  subspecies 
as  some  would  have  it),  or  the  sexes.  We  feel  that  the 
validity  of  our  technique  of  determining  a  and  L  from 
photographs  is  strong  supported  by  the  good  agree- 
Oient  between  our  values  and  those  from  the  literature 

One  pair  of  measurements  (Voni  klumov  (l%2) 
(L  "  10.75  m,  a  =  1.1m)  appear  to  be  nunneasiired. 

The  points  for  non-foetal  whales  appear  to  lie  on  a 
straight  line,  which,  for  the  Argentine  data,  we  have 
estimated  to  be  (ushig  linear  negression); 

Log  a  -  1.376,  Log  L  -  -  1.127 

WUdi  gives: 

z  -  7.46xL*««  (z  -  a/Lx  100%) 

Correlation  coefficients  (r)  were  calculated  for 
different  sets  of  data,  as  Aown  in  TaUe  7: 


I    I  I 


I    I    I  I 


0  IS 


25 


'  famolM 
•  main 


Flo.  14.  -  Changes  in  z  for  A  quality  dau.  From  a  known 
whale  two  estimaia  of  z  are  made,  Z|  %  in  year  t|  and    S  in 

year  (2  and  then 


2]  +  Zj 


at 


t,  -I, 


I  lepieseoting  2  and  Sz/St  for  7  pairs  of  measuremenis 
aie  given  and  a  fegfevkm  line  is  drawn  tbrougli  the  points. 


In  Fig.  14  we  liaveplotled  the  change  in  z  per  year 


<ir> 


TaUe  7. 


CorrelatiM 
laai 


ILflCL 


(r)  for  dMimat  sen  of  dita. 


No. 

points 

r 

Argenlinf  data  (all  grades) 

40 

970 

Argentine  data  (grades  1-4) 

18 

.973 

Argentine  d.a.i  (tirades  5-6) 

22 

.9(2 

Southern  Oceans"  (literature) 

3 

.587 

All  Gtentnie' 

28 

'  Noic  miiudin^  tluui  »n  riicuiwiarKliimai^dindiiAili 
a  Snoul-lo-bldwhole  length. 
L  Tool  \tapk. 


The  best  measueoMiits  {grades  1-4)  are  only 

.slightly  better  correlated  tluui  Ae  worst  measurements 
(grades  5-6)  indicating  that  the  deviation  from  the  reg- 
ression line  is  mainly  doe  to  variation  between  Indivi- 
duals and  not  to  measuiemcnt  ana. 


the  mean  value  of  z  in  the  inteivening  period  (Z) 


Where  a  whale  was  measured  as  Z|  at  time  t|  and  as  z^  at 

time  ta  then: 


ft 


Zi  —  z, 


-  %  per  year. 


t,-t, 

The  points  entered  in  Fig.  14  were  graded  as  fol- 
lows: 

Grade  A  —  both  measurements  of  z  better  than  grade 
S  and  made  with  the  whale  peipeadicttlar 
to  a  line  between  the  camera  and  the 
wbale 

Grade  B  —  each  measurement  of  z  either  better  than 
grade  5  and  within  15"  of  being  perpendi- 
cnlar  to  the  line  between  camera  and 
whale  (angle  estimated  by  eye)  or  grade  S 
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or  ft  and  perpendicular  to  the  tine  betwecfl 
the  camera  and  the  whale 

Grade  C  -  other  pans  of  measuiemeots. 

PkMs  of  Grade  C  are  so  widely  acattered  «s  to  be 
meaningless. 

Regression  tecluiques  arc  not  theoretically  ap- 
plicable since  enoiB  m  measurement  of  either  Z|  or  Z] 
will  produce  an  error  in  both  z  and  5z/5t. 

However,  in  F^.  14  we  have  attempted  to  fit  a  line 
to  these  points  as  follows:  we  used  only  the  most  accu- 
rate mca-surements  -  Grade  A  —  to  minimize  the  effect 
of  measurement  enois. 

The  variation  of  the  plois  due  to  individual  diffe- 
rences between  whales  can  be  looked  at  in  2  wqfs: 

Case  1  -  different  «4ialea  with  the  same  value  of  z 
may  have  this  ntio  (z)  growing  at  diffeient 
rates; 

Case  2  —  different  whales  with  the  same  rate  of 
growth  in  z  (&/ At)  may  have  different  va- 
lues of  z. 

If  we  interpret  Fig.  14  ;is  Case  1  wc  would  have  to 
use  regression  of  &/8t  on  z,  while  if  we  interpret  it  as 
Case  2  wc  would  ase  the  regression  of  z  on  Sz/Sx. 

Included  in  dnt.i  of  Grade  A  there  is  a  whale  with 
2  =  23  J3  %,  a  value  which  most  whales  probably  never 


TaMe  8.  Sihctinc  hclncca  Caw  1  and  Cwe  1 


Case 

Slope 

(4Z/A-0)  (ftc/at-1) 

r 

Case  1 

iSi/Sl)  on  /. 

-0.1980 

22.28  17.23 

0.90S 

Case  2 

f  on  (&/<!) 

-4.138 

2Ij66  17.53 

0.905 

attain  and  so  it  seems  more  reasonable  to  use  Case  2, 
Le.,  die  regression  of  ?  nn  S/VSt. 

The  maximum  value  of  z  is  when  &/£t  »  0  and  is 
given  in  the  table  above.  We  can  convert  these  inio 
maximum  theoretical  lengths  using  the  regression  line 
obtained  from  our  data  in  Fig.  13: 

Z'lMX  L."»«  .  (1) 

In  the  case  of  the  regression  line  for  Z  on  8k/dl  the 
maximum  length  (8i/dt  «  0)  would  be  18  J6  m  while 

for  the  regression  of  z  on  5z/5t  the  maximum  length 
would  be  17.04  m.  This  latter  seems  more  reasonable  on 
the  basis  of  the  greatest  lengths  of  .southern  right  whales 
given  in  Table  9,  and  the  line  for  Case  2  gives  equation 

(2). 

Unfortunatdy  at  present  there  is  not  enough  data 
to  draw  separateregres^n lines  that  aiemeaningAil  for 

each  sex. 


i  aUe  9.  A 


of  maxlmuin  and  minimum  lengths  of  right  whales  (■) 


Souiee 

Total 
whales 
measured 

Known 
whales 
measured 

Maxunum 
male 
length 

Known 
females 
measured 

Maximum 
female 
length 

Calves 
measured 

Min.  calf. 

length 
measured 

No,  Of 
foetuses 
measured 

Largest 
foetus 
measured 

SOI  THF.RN  Ot  h.\NS 
Our  d.ila  -  alive 
( )ur  dala  •  dead 
1  unneborg,  19<)6 
Committee  for  Whaling 
Sialislics.  1938 

MaUhews,  1938 

41 

3 

5 

3 

2 

2 

12.37 
15.21 

13.54 

12 

4 

2 

1S.S6 

1  ;..?5 
15.23 

12 
1 

1 

6.35 
4.11 

6.54 

1 

4 
2 

4.19 

15.23 

NORTH  ATI  ANTIC- 
\'anous  sources  sum- 
marized in  Omura.  1958  !2 

2 

12.93 

8 

16.46 

848 

NORTH  PACIFIC 
Omura.  1958 
Omura  ft  at..  1969 
KJumov.  1962 

4 

13 
10 

2 
6 
5 

13.60 
17.10 
17.06 

2 
5 
5 

I7.su 
16.10 
18.30 

2 
1 

2  71) 
4.40 
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Wheie  n  is  the  nomber  of  data  points. 


For  early  growth  (O-D  _^  w.n)  ihcrc  ;irc  2lNMSible 
sources  of  error:  (1)  our  estimates  of  the  length  at  birth 
and  (2)  the  estimate  of  the  initial  rate  of  growth.  We 
have  estimated  95  %  confidence  limits  for  the  length  a( 
birth  to  be  5.0-6.0  m  or  ±  0.5  m.  95  %  confidence  limits 
for  the  initial  growth  rate  can  be  found  from  the  data  in 
Fig.  4  and  the  standard  fonnulae  for  the  confidence 
limitK  in  the  5:lopc  of  a  regreasMHi  line  which  is  made  to 
pass  tiirough  the  origin: 


±  t.-,  (0.05) 


|x,^  (n-1) 


Where  n  is  die  number  of  data  points. 

(x^    are  the  data  points 

t,^,  (COS)  is  the  2'Sided,  0.0'^  ^iL!niricance  point  of 
the  studenl*s  t  distribvtion  with  n  - 1  dc£iecs  of  flree- 

dom. 

These  limits  were  ±  8.19  m/year  in  this  caie.  So 

our  confidence  limits  for  the  initial  growth  curve 

become: 


(0.5)^  +  (8.19 1)*  metres. 


where  t  is  the  age  in  years.  These  are  the  confidence 
limits  shown  in  Kic  f>  for  the  initial  growth. 

As  tticre  are  checks  for  the  calculated  initial 
growth  curve  (the  growth  by  month,  and  the  mean 
length  of  calves  me.isurcd  in  November),  which  were 
not  taken  into  account  in  these  calculations,  the  confi- 
dence limits  are  abnost  certainly  oooservative. 

For  the  later  gniwlh  sta>res,  the  errors  in  the 
formula  for  growth  m  L  and  i  (C4ualiun:s  (3)  and  (6)) 
were  broken  down  into  3  possible  sovnes:  errofs  m  the 
regression  of  z  on  Sz/St.  errors  in  the  regression  ofl.og  a 
oa  Log  L,  and  errors  in  the  estimation  of  the  constant  t^. 

The  Standard  enor, />,  in  the  height  of  tfie  regres- 
sion line  of  y  on  X  at  X  is  given  by: 


(Xi,    are  the  data  pomts, 

X  and  y  are  the  means  of  \  and  y,. 

For  the  regression  of  z  on  5z/5t,  the  maximum 
valne  of  p  in  the  range  8z/di  we  are  considering,  was 
0.743. 

Thus  z  =- 4.138  <S//,'!t   t  2166   '    743  f from 

(2)  )  for  1  standard  error  in  ttus  regression.  For  these 
limits  new  growth  formulae  for  z  and  L  wm  oonstmct^ 
cd  and  the  CIIOIS  in  z  and  L  for  difTerent  values  of  I 
found.  These  errors  are  shown  in  Table  10. 

Similarly  we  found  the  errors  m  the  regression  of 
Log  a  on  Log  L. 

t|,  was  fixed  by  the  measurement  of  whale  No.  156 
at  9.9  m  on  21  November  1973,  when  he  was  assumed  to 
be  1.2  years  old.  This  procedure  introduces  3  sotiices  of 
«Tor: 

(I)   errors  due  to  whale  Na  156  not  bemg  of  average 
size; 

^   cnon  in  measuring  viiale  No.  156  on  2!  Novcm- 
berl973: 

(3)  cmns  due  to  whale  Na  156notbeing  I.Zyearsold 
on  21  November  1973. 

The  standard  errors  ftom  these  3  sources  were 

estimated  at  f I)  0.5  m  (at  a  length  L of 9.9 m),  (2)  0  22  m 
(L  -  9.9  m)  and  (3)  0. 1  years  (when  t  -  1.2  years).  The 
errors  in  length  can  be  converted  into  enon  in  time 
from  equation  (4)  and  the  3  errors  can  be  combined  10 
make  a  total  standard  error  in  t^of  ±  J9  years. 

The  corresponding  errois  in  L  were  cafculaled 
and  are  shown  in  Tabic  10. 

If  the  standard  errors  in  die  n^ression  of  2  on 
Sz/Su  Log  a  on  Log  L,  and  the  estimation  of  t^  are 
denoted  by  e,,  Cj,  and  63  respectively,  95  %  confidence 
limits  for  the  errors  in  the  growth  curves  (equations  (S) 
and  (6))  were  approximated  by: 


±  1.96  Y     +  e»'  +  «j' 


Theae  values  are  shown  in  Table  10  and  also  as  the 
confidence  limits  in  Figs.  6  and  7. 


=  y  n  -  2  An  ^  Z  (X,  -  fL)0 


ASSnSSING  POPUIATIONS  OF  RIGHT  WHALES 


Tifek  Ml 


Ago 
(vears) 


Regressioa  of  2  on  (Iz/it) 


Enor  arinng  ftom: 

Regression  of 
n  on  Log  I. 


Log 


Estinialioo  of  ii 

fej) 


95%  oonfidence  limits 
for  cnofs 

L%  >  cf  +  c)  + 


I 
2 
3 
4 
S 
7 
8 


I 
2 

3 
4 
5 
7 
10 


±  (m) 
JUS 
.22 
.45 
.66 
.84 
l.iO 


±% 
M 
.14 
27 
36 
.45 
.55 
M 


In  knglh  curve  (Fig.  6) 
±(m) 
.04 
.06 
.IS 
.28 
.45 
.71 
,99 

In  2  cunt  (Fig.  7) 
±  % 
.28 
.22 
,17 
.13 
.11 
.06 
.03 


.57 
M 
.41 
.34 
.27 
.17 
.09 


J9 
.31 
.24 
.18 
.15 
.09 
.05 


1.12 
1.06 
1.23 
1.SS 
1.94 
2.59 
3.29 


.94 

.79 
.78 
.83 
.95 
1.10 
IJO 
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REVIEW  OF  PYGMY  BLUE  WHALE 
STOCK  IN  THE  AN  LARCllC 


T.  ICHIHARA 


Pygmy  blue  whales  were  not  identined  until  1961  as  a  population  separ.itc  from  ordi- 
nary blue  whales,  Balaenoptera  nmsculus,  ditTcring  from  the  latter  in  the  following  characte- 
ristics: body  proportion,  shape  of  baleen  plate,  growth  (smaller  lengths  at  sexaal  and  physical 
maturity  and  when  full  grown)  and  migratory  lange  and  suh-pupulation.  The  3  former 
characteristics  together  with  additional  distinctive  osteological  mfomialion,  indicate  that  the 
pygmy  blue  whale  is  a  new  sub-species,  li.  hrcvicauda,  as  proposed  by  Ichihara  in  l%3 
(published  1966).  A  selective  har\est  of  p\  i:ni\  bhiewhakftiSpracttMllyimpo.ssihlc  due  to  an 
absence  of  distinguishing  feature^  obscn  able  at  vea.  providing  good  reason  for  the  subspecies' 
inclusion  in  completely  protected  slocks  smce  1966  m  order  to  allow  recovery  ol'ordinary  blue 
whales  ftom  earlier  overexploilation. 

F.xccpt  for  a  provisional  assessment  of  population  si/c  (10  000  whales  in  sub-Antarctic 
regions  from  U  lu  bU  E  prior  to  the  1960/61  sca.son)  and  of  maximum  sustainable  yield  by 
Ichihara  and  Doi  (1964).  there  is  no  other  informatkm  on  the  state  of  pygmy  blue  whales,  and 
in.ulcijuatc  data  prevents  calculation  of  additional  unknown  reproductive  and  mortality 
parameters. 


Rdmmi 

II  a  fallu  attcndrc  1961  pour  rcconiia'nrc  quo  Ics  haleines  bicues  naines  forment  une 
population  dislincte  des  populations  de  baleines  bicues  ordinaires,  Balaenoptera  musculus, 
dont  elles  difiirent  par  les  caractires  suivants:  proportions  du  corps,  forme  des  fanons, 
croissance  (taille  plus  petite  i  TSgc  de  la  maturiti^  scxuellc  et  physique  et  au  stade  du  plein 
d6veloppement).  champ  migratoire  et  sous-population.  Les  trois  premieres  caracteristiques, 
ainsi  que  d'autres  traits  osteologiques  distinctifs,  montrent  quela  baleine  bleuc  nainc  est  une 
s*)us-espece  nouvelle,  B.  brevicauda.  commc  Icblbara  I'avaitSUggM  cn  1963  (texte  puhUden 
1966).  I. a  peche  selective  des  baleines  bicues  naines  est  praliquement  impossible  en  Pabsence 
de  caracteres  distinctifs  observables  en  mer.  ce  qui  justifie  le  fail  qu'on  ait  inclus  cette 
sous-espece.  depuis  1966,  dans  les  stocks  oomplitement  proteges  pour  permetire  la  reprise  des 
stocks  de  baleines  bicues  ordinaires  antdricurcmcnt  surcxploites. 

A  part  une  evaluation  provisoire  de  la  taille  de  la  population  ( 10  000  animaux  dans  les 
r6gions  subantarcliques  comprises  enire  0  et  80  Est  avant  la  campagne  de  1960/61)  et  du 
rcndement  maximal  soulenu.  ctTcclucc  par  khihara  et  Doi  (1964),  on  ne  pos.sMe  aucune 
information  sur  I'^tat  des  stocks,  et  I'lmperlecuon  des  donn^es  emp^he  de  calculer  d'autres 
paramtoesde  reproduction  etde  mortality  qui  recent  ifioonnus.  211 
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La  ballena  azul  enana  no  se  identific6  hasta  1961  como  pobIaci6n  independiente  de  la 
dc  ballena  azul  comiin  { Hnlnennptera  muscu!u\).  tic  la  que  diHcrc  p(ir  las  c;ir;Hicristic;ts 
siguieiues:  proporcion  del  cucrpo,  forma  dc  la  placa  dc  barbae,  crccimictuo  ualla  incnur  en  el 
momento  dc  la  niadurc/  sexual  y  Hsica  y  cuando  csi&  oomplciamenle desarrollada),  amplilud 
de  los  movimientos  mieralorios  y  subpoblacion.  Las  trcs  priireras  caractcristicas.  jnrMo  con 
olros  dalos  osteologicos  distmtivos,  indican  que  lu  ballena  a/.ul  enana  constiiuyc  una  nucva 
subspecies.  B.  brevicauda,  talcomo  proposo  fchOiara  en  1963  (publicado  en  1966).  La  captufa 
selcctiva  de  hallenas  azules  enanas  es  practicamcnic  imposibic  dcbidn  a  la  faha  ilc  caracteris- 
ticas  duitintivas  importantes  claramente  apreciables  mientras  la  ballena  ebta  en  el  agua,  io 
que  constituye  una  bueoa  raxdii  para  indoir  esta  subcspecie  entre  las  poUadones  lotalmenie 
pr(  tcjtdas  desde  1966  pan  pmnittr  la  leaipenwUyn  de  la  ballena  azul  oidimiria,  antes 
cxpioladu  cn  cxccso. 

Si  se  exoeptAa  una  evaluad6n  provisional  de  la  poblacidn  (10000  ballenas  en  las 

rcgiones  subantdrticas,  entre  los  0  y  los  80'  dc  lalilud  Pstc.  anics  dc  la  campana  dc  I96n/61)y 
la  evaluadon  dd  rendimiento  maximo  sosienible  hecha  por  Ichihara  ^  Doi  (1964),  no  se 
dispone  de  ottxis  datos  sobie  la  situad6n  de  la  ballena  azut  enana  y,  como  los  datos  bi<^gico8 
son  aiin  incomplettw,  no  es  posible  cakutar  otros  partmetros,  como  loa  de  reproducci6n  y 
monalidad. 


T.  IchiAara 

Department  of  Fisheries.  Faculty  of  Marine  Science  and  Technology,  Tokai  University,  1000 
Orido,  Shimlzu,  Shizuoka-km  424,  Japan 
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C^HARACTERBTICS  OF  PYOMY  BLUE 

WHALtS 


Pygmv  hlue  whales  which  were  probably 
taken  by  the  old  Antarctic  whaling  in  the  first 
half oftniscentaiywerenotidealilied  until  1961 
(Ichihara,  1 96 1).  The  biological  research  on  311 
blue  whales  taken  by  the  Japanese  pelagic  whal- 
ers around  Kerguelen  Island  m  the  1959/60 
season  provided  the  indication  that  these 
whales  mi^ht  be  distinct  fiom  ordinary  blue 
whales  which  were  described  bv  Mackintosh 
and  Wheeler  (1929).  Pygmy  blue  whales  differ 
fiom  ordinaiy  blue  whales  in  the  following 
ways: 


Body  proportion 


In  the  seasons  1959/60  through  1961/62, 
Japanese  whaling  expeditions  took  a  total  of 
1 826  pygmy  blue  whales  in  the  wateis  around 
Kerguelen,MarionandCrozetIslandswhichare 
in  the  Antarctic  far  north  ofthe  ice  edge  A  study 
of  the  morphometry  of  195  whales  of  both  sexes 
between  21  m  (69  ft)  and  23  m  (75  ft)  long  re- 
vealed that  the  tail  region  ofthe  pygmy  is  signif- 
icantly smaller  than  that  of  the  ordinary  blue 
gion  (Ichihara,  1963,  1966).  Omura,  Ichihara 
and  Kasuya  ( 1970)  present  additionid  data  on 
the  body  proportions  of  3  pygmy  blue  whales, 
which  support  the  suggestion  that  the  tail 
region  in  fuU-grown  male  pygmy  blue  whales 
is  ngnifican^  smaller  thm  in  ordinaiy  blue 
whales,  and  that  fuU-grown  pygmy  blue  wha> 
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PYGMY  BLUE  WHALE  STOCK  IN  THE  ANTARCTIC 


les  have  a  longer  central  body  region  than 
ordinary  blue  whales.  Ichihara  (1966)  finds 
that  this  pecuharly  long  central  body  region  is 
formed  in  the  foetal  stage  of  pygmy  blue 
whales. 

From  examination  of  the  whole  skeleton 
from  a  pygniy  blue  whale,  18.6  m  (61  fl)  long, 
which  was  taken  at  42*t)8*S  and  44"09*E  in  the 
sub-Antarctic  in  1966  under  a  special  permit  of 
the  International  Whaling  Commission, 
Omura,  Ichihara  and  Kasuya  (1970)  propose 
an  additional  good  reason  to  separate  the 
pygmy  blue  from  the  ordinary  blue  whale  as  a 
sub-species,  i.e.,  Balaenoptcra  musculus  brevi- 
cauda.  From  this  physically  mature  whale, 
they  found  distinctive  characteis  in  the  shape 
of  the  skuU  and  other  bone  structures. 


Baleen  plate 

The  food  trapping  homy  baleen  plates 
hang  from  the  upper  jaw  but  thdr  tips  begin  to 

wearoffataa^mpara  lively  earlystageof growth. 
Thecolour,shapeandmoq>hologicalcharacter- 
istics  of  the  fringes  of  baleen  plates  are  spe- 

cies-spccific.  Ichihara(  1966)compared  theshape 
of  baleen  plate  from  both  types  of  blue  whales, 
measuring  the  length  and  the  breadth  for  the 
longest  plates  in  wtuch  wear  of  tips  had  already 
taken  place,  and  found  that  baleen  plates  of 
pygmy  blue  whales  aresignificantlyshorter  rela- 
tive to  breadth  than  those  of  ordinary  blue 
whales. 


Gnmth 

From  an  examination  of  reproductive 
organs,  Ichihara  (1966)  estimates  that  female 
pygmy  blue  whales  attain  sexual  maturity  at 
19.2  m  (63  ft)  in  length,  shorter  by  over  10  ft 
than  ordinary  blue  whales.  Male  py^y  blue 
whales  become  mature  bdow  19.2  m  m  lengdi. 
About  the  same  number  of  growth  layers  ac- 
cumulate  in  the  ear  plug  by  s^nial  maturity  for 


both  sexes  in  pygmy  blue  whales  as  well  as  in 
ordinary  blue  whales,  f  rom  the  number  of 
growth  layers  in  the  ear  plug  and  the  number 
of  corpora  m  ovaries,  Ichihara  (1966)  oondu- 
des  that  female  pygmy  blue  whales  attain 
physical  maturity  at  a  length  of  about 
21.6-21.9  m  (71-72  ft).  The  longest  female 
pygmy  blue  whale  taken  by  the  pelagic  inve- 
stigation was  24. 1  m  (79  ft)  long. 

In  ordinan,'  blue  whales  from  the  An- 
tarctic, on  the  other  hand,  body  length  at  se- 
xual maturity  is  22.6  m  (74.2  ft)  for  males  and 
23.7  m  (77.8  ft)  for  females  (Mackintosh,  1942; 
Brinkmann,  1948;  and  Ichihara,  1961).  Fema- 
le ordinary  blue  whales  attain  physical  matur- 
ity at  25.9  m  (85  ft)  and  above  (Laurie,  1937; 
Brinkmann,  1948;  Nishiwaki  and  Hayashi, 
1950).  The  difference  in  the  liill-i^rown  length 
between  both  types  of  blue  whales  exceeds  3.0 
m  in  the  Antarctic. 


MifftOory  range  and  sub-population 

Catch  statistics  indicate  that  the  major 
herd  of  pygmy  blue  whales  inhabit  the  waters 
north  of  54^  and  from  0"  to  80"E  during  the 
summer  season  in  the  Antarctic,  while  onW- 
nary  blue  whales  are  widely  distributed  m  seas 
of  high  latitude.  It  is  difiicult  to  find  a  geo- 
graphical separation  between  the  two  types 
of  blue  whales,  however,  because  the  marking 
of  a  pygmy  blue  whale,  and  subsequent  re- 
covery of  the  mark  showed  that  the  pygmy 
whales  occasionally  reach  fu  south  m  the 
course  of  the  feeding  migration  in  eariy  sum- 
mer. 

According  to  personal  communications, 

a  small  number  of  pygmy  blue  whales  were 
caught  by  coastal  whaling  in  Australia  and  most 
of  them  were  taken  along  the  west  coast,  which 
faces  the  Indian  Ocean  (R.G.  Chittleborough, 
1961  to  1963).  r.amhell  (1964)  reports  that 
a  female  pygmy  blue  whale,  20.1  m  (66  ft)  in 
length,  was  taken  ofTDurban,  South  Africa,  in 
September  1963.  Examining  the  external  char- 
acters  of  Uiis  whale,  he  states  that  there  is  no  213 
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evidence  of  disease  or  deformity  whidi  might 
have  inhibited  normal  growth. 

Many  small  parasites  were  found  m  whil- 
ish-yellow  spots  oo  the  baleea  plates  of  pygmy 
blue  whales  from  the  Antarctic.  The  same 
commensal  harpacticoid  copepod,  Balaenoph- 
iius  uniscius,  also  occurred  on  the  baleen  plates 
of  a  pygmy  blue  whale  taken  off  Durban 
(Gamb'ell,  1964).  Vervoort  and  Tranter  (1961) 
found  numerous  individuals  of  Balaenophilus 
uniseius  on  the  baleen  plates  of  a  p^gmy  blue 
whale  coUected  in  1959  at  the  whahng  station 
of  Western  Australia.  Bannister  and  Grindley 
(1966)  state  that  an  immatuic  p\j»mv  blue 
whale  taken  off  Saldanha,  South  Atnca,  was 
infested  with  Balaenophilus. 

Bannister  and  Grindley  (1966)  examin- 
ed many  baleen  plates  of  halaenoptcnd  whales 
killed  in  South  Georgia  and  pelagic  Antarctic 
whaling,  and  in  Sou£  African  whaling  opera- 
tions, Balaenophilus  occurrcii  most  frequently 
in  sei  whales.  The  ratio  of  infection  was  about 
80  %  for  sei  whales,  1.0  %  for  blue  whales, 
0.8  %  for  fin  whales  and  0.0  %  for  humpback 
whales.  Blue  whales  taken  off  South  Africa  in 
1930, 1962  and  1963,  show  a  high  infection  rate 
of  12.0  %.  On  the  other  bund,  the  occurrence  of 
Balaenophilus  is  very  rare  in  ordinan,  blue  and 
fin  whales  taken  in  the  Antarctic.  Bannister 
and  Grindley  suggest  that  heavy  infestations 
of  Balaenophilus  survive  best  in  those  species 
which  are  more  warm  water  or  sub-Antarctic 
in  habit.  Pygmy  blue  whales  mostly  live  in 
warmer  waters  in  the  Antarctic  summer  than 
do  ordinary  blue  whales.  It  seems  that  the 
degree  of  incidence  of  Bak^t^hibis  is  closely 
related  to  the  ambient  water  temperature. 

From  the  viewpoint  of  population  genet- 
ics, Fujino  (1962)  <H»erved  intra-popuktion 
dififereiices  in  the  distribution  of  blood  types 
among  pvgmv  blue  whales  in  the  Antarctic 
although  more  study  is  needed  to  examine  the 
racial  differences.  His  findings  suggest  that 
there  may  be  sub-populations  of  me  pygmy 
blue  whales  which  spend  the  summer  in  the 
Antarctic. 

Pygmy  bluewhaleshave  also  been  taken  in 
other  waters  of  the  Southern  Hemisphere. 


Aguayo  (1974)  reports  that  10  pygmy  blue 
whales  were  identified  among  168  blue  whales 
caught  off  Qumtay  (33"  1 1'S,  7r42'W)  in  Chile 
from  the  1965/66  through  the  1966/67 season.  It 
is  of  behavioural  importance  that  pygmy  blue 
whales  off  Chile  formed  separate  pods  from 
ordmary  blue  whales  and  the  2  species  did  not 
intermingle  in  the  feeding  area  (A.  Aguayo, 
personal  communication  in  1974).  His  paper 
strongly  .suggests  that  there  may  be  a  few  sub- 
populations  of  pygniY  blue  whales  in  the  Sou- 
thern Hemisphere  which  do  not  migrate  to  the 
Antarctic  in  the  summer.  The  major  herds  of 
psgniy  blue  whales  which  live  in  the  .sub-An- 
larciic  region  adjacent  to  Kerguelen  Island  m 
the  summer  do  not  appear  to  migrate  north  to 
the  waters  off  Chile  in  the  winter. 


Conclusions 


Body  colour  does  not  provide  a  definite 
criterion  for  discriminating  pygmy  from  ordi- 
nary bhie  whales,  since  its  expression  varies 
from  observer  to  observer.  Whale  marking  has 
not  i}i\'en  informatiiin  of  much  value  on  the 
migratory  range  of  pygmy  blue  whales,  be- 
cause only  one  Discovery  type  of  whale  mark 
has  been  recovered.  Gunners  with  long  expe- 
rience of  Antarctic  w  lulling  informed  me  that 
pygmy  blue  whales  look  like  bi^  ordinary  blue 
whales  as  the  long  anterior  region  of  the  body 
surfaces,  but  surprise  them  by  their  unexpec- 
tedly ^hurt  (ail  which  shows  a*^  ttic\  begin  to 
dive  I  his  observation  coincides  with  the  result 
of  proportional  measurements  for  pygmy  blue 
whales,  and  is  the  only  way  at  present  to  di- 
stinguish  the  live  pvemv  from  the  live  ordinary 
blue  whales  in  the  Antarctic.  Observations  at 
sea  also  suggest  that  a  selective  catch  of  pygmy 
blue  whales  is  practically  impossible,  and  pro- 
\'ided  a  good  reason  for  protecting  pygmy  blue 
whales  completely  since  1966  in  order  to  save 
the  stock  of  ordmaiy  blue  whales  suffering 
fiom  the  intensive  damage  done  by  whaling. 
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After  killing,  however,  the  combination 
of  characters  -  body  proportion,  shape  of  ba- 
leen plale  and  stage  of  maturity  -  help  to 
identify  pygmy  blue  whales.  On  the  basis  of 
several  specified  characters,  Ichihara  proposed 
a  new  sub-species  name,  Baiaenoptera  muscu- 
lus  brevicauda  for  pygmy  bhie  whales  at  the 
First  International  Symposium  on  Cetacean 
Research  which  was  held  in  Washington,  D.C., 
in  1%3.  This  proposal  was  not  published  until 
1966  because  of  me  deUy  in  editing  the  papers 
submitted  to  the  Symposium.  Meanwhile, 
Zemsky  and  Boronin  (1964)  published  the  de- 
nomination brevicauda  without  calling  it  a  new 
sub-spedes  and  without  auditing  Ichihara 
(Rice  and  SchefTer,  1968).  Priority  of  the 
scientific  name  for  the  pygmy  bhie  whale  must 
be  decided  to  eliminate  future  confusion. 

Unitil  now  there  have  been  no  other  pa- 
pers on  the  problem  of  the  taxonomic  position 
of  pygmy  blue  whale.  From  the  above  biolo- 
gical evidence,  I  disagree  with  Small's  opinion 
(1971)  that  the  pygmy  blue  whale  was  a  fhiud, 
used  as  an  excuse  to  continue  killing  blue 
whales  in  a  portion  of  the  Antarctic  where  a 
few  could  still  be  found.  His  denial  of  the  exi- 
stence of  pygmy  blue  whales  appears  to  have 
no  basis  in  science  and  may  be  explained  by  an 
incomplete  understanding  of  whale  biology. 


Population  size 


Some  biological  data  and  statistics  from 
Antarctic  whaling  suggest  that  there  may  have 
been  a  catch  of  pygmy  blue  whales  in  old  days. 
Ichihara  (1961)  comments  on  old  records 
found  in  I  aurie  (1937),  Budker  (1954).  and  in 
the  IntcrnaUonal  Whaling  Statistics,  but  the 
catch  in  the  old  days  was  not  large  enough  to 
have  adversely  affected  the  si/e  of  the  stock, 
even  if  all  these  records  were  of  pygmy  blue 
whales. 

Ichihara  and  Doi  (1964)  estimated  the 

initial  population  size  of  pygmy  blue  whales  in 
the  Antarctic,  examining  the  data  available 


collected  from  the  Japanese  expedition  from 
the  1959/61  through  the  1962/63  season.  Un- 
fortunately, no  information  on  the  commercial 
catch  of  pygmy  blue  whales  by  other  countries 
in  the  same  period  was  published,  therefore 
catch  data  from  other  sources  is  not  included 
in  their  population  assessment 

Ichihara  and  Doi  used  two  methods  to 
estimate  the  size  of  stock  of  pygmy  blue  wha- 
les, prior  to  the  1960/61  season  in  which  the 
eaten  efibft  was  mom  concentrated  for  this 
whale  than  in  the  1959/60  season.  One  esti- 
mate was  an  application  of  De  Lury's  method. 
The  value  of  catch-per-unit  effort,  which  was  a 
relative  index  of  the  stodc  size,  was  revised  by 
season  to  estimate  the  number  of  adult  whales. 
Revision  was  made  on  the  basis  of  the  sea 
conditions  and  the  maturity  ratio  of  whales  in 
the  catch.  Then,  the  virginal  stock  size  of  mat- 
ure whales  was  estimated  to  be  4  350  pygmy 
whales  prior  to  the  1960/61  season.  The  other 
estimate  was  calculated  from  3  parameters  of 
population:  catoh-per-unit  enort,  natural 
mortality  rate  and  rate  of  fishing  mortality. 
The  natural  morality  rate  was  estimated  for 
both  sexes  through  Uie  age  composition  of 
pygmy  blue  whales  taken  in  the  1960/61  sea- 
son. 

Of  whales  taken,  40.3  %  provided  ear 
plugs  with  readable  growth  layers.  The  ooefli- 
cient  of  natural  mortality  for  pygmy  blue 
whales  was  0.1 1  assuming  a  biannual  forma- 
tion of  growth  layer,  and  consequently  0.05 
assuming  an  annual  formation  of  one  growtii 
layo*.  The  annual  accumulation  rate  of  growth 
layer  in  the  car  plug  is  still  not  determined 
accurately  for  both  pygmy  and  ordinary  blue 
whales.  At  any  rate,  the  whales  were  ftiUy  re- 
cruited at  20  growth  layers  in  the  1960/61 
season.  An  equation  to  estimate  the  fishing 
mortality  rate  is 

(1  -Oc-«-2....'P.(i+  0/2..„<^.(t) 

where 

f      »  rate  of  fishmg  mortality  215 
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M    »  ooefficieiit  of  natural  moftality 


Amoumcf stock 


<Pi  (t)  —  index  for  the  amount  of  i-year 
dasB  in  the  season  t 


9i(t)  is  calculated  from  the  catch-per- 
unit  effort  Thus,  the  atnuidanoe  of  whales  in 

each  year-class  is  estimated  from  known  va- 
lues of  M  and  f  for  the  stock  prior  to  the 
1960/61  season.  Considering  the  a^e  of  ma- 
turity, the  number  of  mature  ammab  was 
estimated  to  be  about  5  000  whales,  which  is 
very  close  to  another  estimate  from  De  Lury's 
method. 

Rnally,  Iduhara  and  Doi  (1964)  oooai- 

der  that  the  virginal  population  size  of  pygmy 
blue  whales  which  inhabit  the  sub-Antarctic 
region  from  0"  to  80  E  was  about  10  000  whales 
pnor  to  the  1960/61  season.  The  sighting  of 
whales  in  the  Antarctic  has  been  continued  after 
all  blue  whales  were  completely  protected 
from  Antarctic  whaling  (Masaki  and  Fukuda, 
1975).  No  useful  sightings  data  on  pygmy  blue 
whales  can  be  obtained  unless  planned  sight- 
ing surveys  are  regularly  carried  out,  because 
of  their  limited  area  of  distribution  in  the 
summer. 


yield 


As  pygmy  blue  whales  were  only  taken 
in  4  seasons,  (he  parameters  needed  to  con- 
struct population  models  were  only  tentatively 
avaHaole.  Icblhara  and  Doi  (1964)  apply  one 
method  to  estimate  the  maximum  sustainable 
yield  from  the  stock  of  pygmy  blue  whales.  The 
known  number  of  mature  females  and  recruits 
provides  several  reproduction  curves  for 
assumed  ages  of  recruitment.  The  respective 
reproduction  curve  indicates  the  number  of 
recruits  for  each  level  of  mature  female  whales. 
The  amount  of  stock  is  shown  as  follows,  when 
10  year  old  whales  are  recruited. 


5 
6 
7 
8 
9 
10 
11 
12 


Then,  the  usable  stock  is 
N^R-hRs-hRs'-h  - 


Rc»* 
Re« 

Re'" 

Re-" 

Re" 

R 

Rs 

Rs' 


1  -s 


Miere 


R 


number  of  recruits 


M  a  coefficient  of  natural  mortality 

s    =  rate  of  survival 

N  '  expk>itable  stock  (numbers) 

As  the  stock  5  year-dass  and  above, 
lUming  biannual  formation  of  growth  layers, 
is  composed  of  mature  whales,  the  relation  of 
recruits  to  the  size  of  the  mature  stock  is 


,5M 


2S  ^  1  -l-e"    e"*  +  e**  +  e*"  +  e 
1  -s 


S  is  the  size  of  the  mature  female  stock  and 
hence  2S  shows  mature  wdtoles  of  botih  sexes. 
Consequently  s  is  obtainable  through  the  cal- 
culation. The  fishing  mortality  rate  f  is  ob- 
tained from  the  equation 

s  =  (l  -f)e-** 

sustainable  yield  C  is 
C-Nf 
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When  this  graphic  method  is  applied  to 
recruits  of  9,  8,  7,  6  and  5  year-classes,  the  sus- 
tainable yield  corresponding  to  each  recruit- 
mentisestimated.  From  this  procedure  the  max- 
imum  sustainable  yield  is  268  whales,  which  are 
produced  at  the  full  recruitment  of  the  9 
year-class  if  2  growth  layers  are  formed 
per-year.  On  the  other  hand,  it  is  101  whales  at 
the  full  recruitment  of  9  year-class  if  1  growth 
layer  is  formed  per  vcar  The  body  length  at 
this  age  of  recruitmenl  is  from  about  18.9  m 
(62  ft)  lo  about  20.7  m  (68  ft)  for  pygmy  blue 
whales.  From  the  above  procedures,  Ichihara 
and  Doi  (1964)  estimate  that  the  maximum 
sustainable  yield  from  pygmy  blue  whales  is 
200  whales  or  less. 

With  legmd  to  the  growth  layer  in  the  ear 
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OF  AN  1  ARCTIC  BLUE  WHALES 


JJL  GULLAND 


Abstracr 

The  methods  used  to  estimate  the  relative  or  absolute  abundance  of  Antarctic  blue 
whales  are  disctissed.  These  include  catches  per  unit  efTort,  sightings  and  marking.  None  of 
these  arc  entirely  free  from  bias:  for  example^  the  c.p.u.e.  data  underestimate  the  relative 
abundance  during  the  last  years  of  commercial  catching  of  blue  uhales  because  oC  the 
increased  preference  for  fin  whales  rather  than  blue  whales.  While  no  single  method  is 
satisfacloPr'.  there  is  a  broad  agreement  between  dilTerenl  methods,  suggesting  a  total  exploi- 
table stdck  in  1*^6'^  (if  jtHMsnd  4  000  blue  wh;!!^^  PusMhle  chanee";  since  the  cessation  of 
commercial  hunting  m  1963  are  discussed.  The  only  iniormation  comes  from  sightmgs  (roni 
survey  vessels,  which  are  not  sufficient  ID  detect  small  rates  of  increase.  Information  on  the 
likely  values  of  the  natural  par.muners  suggest  that  the  population  mav  he  increasin<:  ai  4-5 
percent  per  year.  The  total  population  of  blue  whales  in  the  southern  ocean  (mcluding 
juveniles  and  pygmy  Mue  whales)  may  be  around  10  000  animals. 


L'ouvrage  expose  les  mAhodcs  qui  sont  uiilisies  pour  estimer  I'abondance  absolue  et 

relative  des  balcinc^  hicucs  dans  rAntarttique.  Ces  mt^thodes  incluent  les  prises  par  unit6 
d'eflbrt  (c.p.u.e.),  les  rcpcragcs  (a  vuc).  ct  les  marquages.  Aucune  dc  ces  mt^thodcs  n'esi 
totalement  exempte  de  disiorsion:  c'est  ainsi  par  exemple  que  les  donnto  ooncemant  les 
c.p  u  e  S4->us-cstimcnt  I'abondance  relative  se  rapportant  aux  dernicrcs  annccs  dc  chasse 
commerciale  des  baleines  bleues,  et  cela  en  raison  d'une  preference  croissante  des  baleiniers 
pour  les  rorquals  oommuns  par  rapport  aux  baleines  bleues.  Si  aucune  mdthode  n*est  en  soi 
"ialisfaisanlc,  il  existe  une  large  concordance  enirc  les  diflorcntcs  mdthodes.  qui  laissait 
apparallre  un  slock  total  exploitable  d'environ  4000  baleines  bleues  en  1963.  La  note  traiie 
^galement  de  I'^olution  possible  de  ce  chifTre  depuis  1963,  date  oA  la  chasse  commerciale  a 
cesse  Les  seules  inforniatimis  JiMionibles  provicnnent  des  rep^rages  a  vue  efTectue^  p  n  les 
navircs  dc  surveillance,  qui  sum  en  nombre  msullisant  pour  deceler  de  faibles  taux  d'aug- 
mentation.  Les  informations  sur  les  valeurs  plausibles  des  paramtoes  naturels  laissent  penser 
que  la  population  pcut  eire  acluellement  cn  au<?meni;H-.  n  de  4  a  5  pour  cent  par  an.  La 
population  totale  de  baleines  bleues  dans  Tucean  Austral  (y  compris  les  juveniles  et  les 
baleines  bleues  naines)  pent  itre  de  Toidre  d'environ  10  000  individus. 

Extmcto 

Se  examinan  los  distintos  metodos  utilizados  par.)  e>timar  la  abundancia  relativa  o 
absoluta  de  la  baliena  azul  del  Antirtko,  cn  especial  cxamen  de  las  capturas  por  unidad  de  219 
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esfucr/o,  avislamicntos  y  marcadd  Ninsuno  de  eslos  irLtrdo  c<\:i  to! almcntc  cxcnid  dc 
defeclos:  por  ejemplo,  los  dalos  relatives  a  las  capturas  por  unidad  dc  e^luerzo  subestiman  la 
alniiidaficia  relativa  durante  los  Alttinos  afkos  de  la  captura  comercial  de  ballenas  azutes 
ddlido  a  la  mayor  prefercnoi;!  por  c!  rorcual  de  alela  que  por  la  hallcna  iuu\.  Aunqiie  ninguno 
de  los  mitodos,  aplicado  individualmente,  resulte  satisfactorio,  los  disiintos  meiodos  con- 
cuerdan  en  general,  indicando  una  pobladdn  explotable  en  1963  de  una$  4000  ballenas 
azules.  Se  examinan  las  modificaciones  que  puedcn  haber  tenido  lugar  desdc  cl  cc-vc  de  la 
captura  comercial  cn  1963.  Las  iinicas  infonnaciones  proceden  dc  los  avistamicnios  de  los 
buques  dc  reoonoctmienio,  que  no  penniten  detectar  las  tasas  pequeflais  de  aumento.  Los 
datossobre  los  valores  probables  de  lot parAmelrosnaluralcs  indican  qiu  I.:  [M^hlacion  pucde 
estar  aumentando  a  raz6n  del  4-5  por  cienlo  anual.  La  poblacion  Uital  dc  ballenas  azulcs 
(incluidos  bullenatos  y  ballenas  azulcs  cnanas)  sc  cit'ru  cn  unus  10  UOO  unimalcs. 
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Introductioa 


This  note  was  prepared  in  response  to  a 

request  for  a  general  review  of  the  sf;iie  of  the 
Stocks  of  blue  whales  in  the  Antarctic.  As  there 
have  been  virtually  no  commercial  catches  of 
blue  whales  since  1964,  few  new  data  (other 
than  for  sisihtinss)  have  become  available 
since  the  preparation  of  the  Report  of  the  1 WC 
Committee  of  Three  (Chapman,  1964).  The 
present  note  is,  therefore,  oonoemed  mostly 
with  some  comments  on  the  resulLs  of  the 
Committee  of  Three,  including  the  use  of 
catch-per-unit  effort  as  a  measure  of  abund- 
ance, with  the  estimates  of  stock  size  and  also 
with  a  brief  analysis  of  the  sighting  data. 


Catch-per-unlt  effort  as  an  index  of 
abundance 


The  catch-per-unit  efTort  of  the  com- 
mercial whaling  fleets  is  by  far  the  best  meas- 
ure currently  availaUe  to  study  historical 
dianges  in  the  abundance  of  whales.  However, 


it  is  only  a  valiil  index  if  corrected  for  any 
changes  in  the  efficiency  of  the  whalers,  and 
for  changes  in  their  preferences  between  spe- 
cies. Efficient  changes  have  been  dealt  with 
(probably  not  completelv.  but  to  a  useful  first 
approximation)  by  taking  account  of  the  ton- 
nage or  hoisepower  of  catchers. 

The  effects  of  changes  in  species  prefer- 
ence on  indices  for  fin  whales  have  long  been 
recognized;  for  instance,  the  increase  in 
catch-per-day  between  1945/46  and  1955/56 
was  not  evidence  of  an  increase  in  stock,  but  of 
increased  attention  beint'  paid  to  fin  whales 
(plus  some  mcrease  m  catcher  elTiciency). 
Presumably  this  was  not  without  cost,  and 
must  have  involved  some  decreased  attention 
to  blue  whales  (otherwise  the  whalers  would 
not  have  had  any  mcentive  in  the  earlier  years 
to  pay  less  dian  full  attention  to  fin  whales).  At 
the  tactical  level  there  may  not  have  been 
much  change,  e.g.,  the  whalers  would  always 
prefer  to  pursue  a  blue  whale,  once  seen,  than 
a  fin  whale,  but  at  the  strategic  level,  e.g.,  the 
choice  of  area,  there  have  been  changes. 

One  large-scale  change  has  been  a  shift 
of  whaUng  efTort  northward.  This  was  allowed 
for  by  the  Committee  of  Three  by  using  the 
catch-per-day  south  of  60^  as  an  index  ofblue 
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whale  population.  However,  even  wiihin  a  lat- 
itudinal band  there  arc  considerable  differ- 
ences in  species  composition.  For  example. 
Table  1  shows  the  catch-per-day  in  2  zones  of 
series  B  (60-70'  S)  in  the  South  Atlantic  during 
February  in  the  1949/50  and  1950/51  seasons. 

This  shows  mailced  dtfTerences  in  species 
a)mposition.  with  relatively  more  blue  whales 
being  found  further  east.  The  combined  catch 
in  blue  whale  units  (BWUs)  is  roughly  the 
same  in  both  sectors,  which  is  not  surprising 
since  otherwise  the  whalers  would  have  pre- 
sumably kept  in  the  more  profitable  areas.  If 
blue  whales  had  been  much  scarcer,  presum- 
ably the  whalers  would  have  kept  in  the  east* 
ern  parts,  and  the  catch-per-day  of  these 
whales  would  have  been  much  lower. 

Unfortunately,  the  table  also  shows  that 
even  within  this  comparatively  detailed 
time/area  breakdown,  the  species  composition 
is  not  consivieni  Between  1949/50  and 
1950/51  there  appeared  to  be  a  substantial 
increase  in  blue  whales  in  both  areas,  and  a 
roughly  corresponding  drop  in  fin  whales.  This 
could  have  been  due  to  changes  in  migration 
patterns,  but  since  the  areas  arc  still  very  large 
(roughly  600  x  I  200  miles),  it  could  also  be 
due  to  changes  in  the  sections  searched  within 
each  area,  and  greater  prelerence  for  blue 
whales  in  the  second  season. 

Another  index  of  the  degree  to  w  liich 
selection  can  take  place  between  different 
species  of  whales  is  given  in  Table  2.  This 
mows  in  the  first  columns  the  ratio  of  blue  to 
fin  whales  in  the  catches  of  diffeient  national 
fleets.  Over  the  period  there  was  a  decline  in 


TaMe  I.  OMcbiia^  in  (he  &  Adulic 


Calch-per-calcher  day  Catch-peroicher  day 
Blue      Fin     BWU    Blue      Fin  «WV 


\  0  7?       0.19      0.92  0.65 

0.22      1.03     a71      a46     a66  0.79 


the  ratio  for  all  fleets,  but  considerable  varia- 
tion between  fleets.  This  ratio  represents  a 
combination  of  2  factors  -  the  actual  ratio  of 
numbers  in  the  sea,  and  the  relative  preference 
between  the  species  expressed  by  each  fleet. 
Some  indication  of  the  latter  is  expressed  in 
the  last  columns,  which  give  the  preference  of 
each  national  fleet  for  blue  whales*  relative  to 
the  average  preference  of  the  Antarctic  pelagic 
expeditions  as  a  whole  (including  tlccts  other 
than  those  of  Japan,  Norway  and  the  USSR). 
Mathematically,  the  relative  selection  by  fleet 
A,  Pa  is  calculated  as 

where  Ba,  B,  are  the  numbers  of  blue  whales 

caught  by  Fleet  A,  and  all  noets  rospcciiveK . 
and  similarly  F^,  Fj  are  the  numbers  of  lin 
whales. 

As  well  as  considerable  year-to-year 

changes.  Table  2  shows  some  cleat  fca'.iircs. 
Japanese  whalers  usually  had  a  marked  rela- 
tive preference  for  blue  whales,  except  for  3 
odd  years  (1950,  1951  and  1953);  Norwegian 
preference  for  blue  whales  declined  fairly 
steadily,  particularly  after  1959,  while  that  of 
the  USSR  increased.  Unfortunately,  while  this 
analy.sis  shows  that  the  preferences  of  individ- 
ual national  fleets  have  changed  lelaiive  to 
the  average  of  ail  fleets,  it  does  not  show  what 
the  abacdute  changes  in  preference  between 
species  have  been,  i.e  .  it  does  not  allow  cor- 
rections to  he  made  to  the  obser\'ed 
catch-per-day  of  blue  whales  so  as  to  arrive  at 
unbiased  indices  of  blue  whale  abundance.  It 
is  virtually  certain,  from  the  decline  in  relative 
performance,  that  the  decline  m  catch-per-unit 
effort  of  Norwegian  vessels  overestimates  the 
true  decline  in  abundance,  but  not  at  all  clear 
that  the  increased  relative  preference  h\  Soviet 
vessels  means  that  between  1947  and  1959  they 
actually  concentrated  more  on  blue  whales 
(i.e..  their  catch-per-imit  effort  underestimat- 
ed the  decline),  or  merely  that  they  turned  to 
fm  whales  less  than  other  countries  (i.e.,  their  221 
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Rado  of  Une :  fin  whales  in  the  catches  Reiattve  sdectkm 


Japan 

Nocway 

USSR 

All  Pelagic 

Japan 

Norway 

USSR 

1946/47 

1.4S 

.846 

681 

.688 

1947 

1.17 

.641 

.312 

.361 

3.24 

1.77 

.86 

1948 

.624 

.250 

.299 

.430 

1.45 

.58 

.70 

im 

.773 

J42 

.216 

342 

126 

1.00 

.63 

1950 

.132 

j24S 

^1 

.399 

J3 

.61 

1.01 

1951 

.089 

.343 

.098 

.250 

.36 

U7 

.39 

1952 

.273 

216 

.058 

.182 

1.S0 

1.18 

.32 

1953/54 

.061 

122 

.054 

.107 

.58 

1.14 

.50 

1954 

.140 

.095 

.013 

.084 

1.67 

1.14 

.16 

1955 

.084 

.064 

.076 

.064 

1.32 

l.(X) 

1.19 

19M 

.104 

.060 

.032 

J0S9 

1.78 

1.02 

.55 

19S7 

.090 

.056 

.086 

JOS? 

IJ5 

.84 

1.29 

19S8 

.0S3 

.058 

.144 

.046 

1.15 

1.26 

3.12 

1959 

.048 

.037 

.148 

.046 

1.03 

.79 

3.18 

1960 

.128 

rin 

.069 

.064 

2.00 

.20 

1  08 

1961 

.041 

.nlA 

.083 

.042 

.97 

J3 

.99 

1962 

_069 

.(H'J 

.047 

.051 

1  36 

J7 

.93 

1963 

.005 

.002 

.027 

.008 

.62 

.25 

3.34 

I964/6S 

.011 

catdi-per-unit  efifoit  sdll  ovatstiinated  the 
decline,  but  less  than  the  total  catch-per-unit 

eObrt). 

One  semi-quantitative  deduction  from 
Table  2  that  is  significant  is  the  degree  of  se- 
lection that  can  take  place.  National  difTer- 
ences  consistent  over  several  years  are  com- 
monly of  a  factor  of  2  or  3  and  as  much  as  10 
exceptionally  in  single  years  (e.g.,  1954  and 
1960).  The  overall  changes  in  selectivity  are 
likely  to  be  at  least  as  great,  Le.,  the  changes  in 
catch-per-unit  effort  between  1946  and  1964 
may  overestimate  Hhe  actual  dedine  in  blue 
whale  abundance  manyfold. 

In  principle,  this  difficult  may  be 
tadded  by  using  detailed  statistics  of  catch  and 
effort,  to  take  account  of  the  relative  distribu- 
tions of  whales  and  hunting.  In  practice,  the 
most  detailed  available  areas  ("squares"  of  10  ' 
ladtude  and  longitude)  are  both  too  large  (so 
that  there  is  significant  patchiness  within  a 
square)  and  too  small  (so  that  there  are  many 
squares  without  observations).  For  the  present 
we  probably  have  to  accept  Aat  no  analysis  of 
catch  and  effort  data  alone  will  give  an  entirely 


reliable  index  of  abundance  of  species  of 
whales  that  are  not  at  the  time  a  major  objec- 
tive. With  specific  reference  to  blue  whales,  we 
can  also  conclude  that  the  observed  decline  in 
catch-per-unit  effort  up  to  1%2  will  tend  to 
oveiestunate  the  true  decline  in  abundance. 


Antuctie  stock  siie  during  cait|iloilation 

The  Committee  of  Three  used  3  inde- 
pendent approaches  to  estimating  stock  size 
(sightings,  marking  and  the  De  Lury  method). 

Sightings 

The  sightings  were  based  on  the  data  of 

Mackinto.sh  and  Brown  (1956)  for  the  period 
1933/34  to  1938/39.  The  estimate  obtained 
was  15%  of  220  000  ±50%,  i.e.,  16  500- 
49S00  with  a  central  value  of  33000.  The 
Committee  of  Three  noted  that  this  figure 
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tended  to  be  an  underestimate  to  the  extent 
that  (a)  it  excluded  whales  outside  the  Ant- 
arctic Convergence,  and  (b)  whales,  particu- 
larly older  whales,  avoided  the  survey  vessel, 
or  were  not  seen.  On  the  other  hand,  the  count 
included  young  whales  not  normally  included 
in  the  estimates  of  the  exploited  population. 
There  seems  litde  to  add  to  these  oomments  by 
die  Gommittee. 

Marking 

Because  a  large  but  unknown  proportion 
of  marks  in  captured  whales  are  not  reported, 
the  normal  methods  of  analysis  of  marking 
<hita  cannot  be  used  directly  to  give  senable 
estimates,  though  it  may  be  noted  that  (dis- 
carding returns  durmg  the  season  of  marking 
because  of  possible  uneven  distribution)  5.2  % 
of  the  manes  placed  ui  blue  whales  in  the 
post-war  period  were  returned  in  the  first  full 
season  after  marking.  This  gives  a  lower  Umit 
to  the  annual  rate  of  exploitation.  Annual 
catches  were  around  7  000  animals,  giving  an 
upper  limit  to  the  exploited  population  in  the 
immediate  post-war  period  of  140  000  whales. 

An  estimate  that  is  less  vulnerable  to 
some  types  of  bias  can  be  obtained  from  the 
fact  that  of  marks  placed  before  the  war,  122 
out  of  3  243  ( =  3.76  %)  fin  whale  marks,  and  7 
out  of  693  (=  1.01  %)  blue  whale  marks  were 
letumed  in  the  post-war  period.  Disregarding 
samjriing  variances,  this  difference  could  be 
due  to  diflferences  in  marking  success  with 
species,  the  probability  of  capture  or  return  of 
marks,  or  to  higher  mortality  of  blue  whales 
between  marking  (around  1937)  and  recapture 
(around  1947).  Differences  in  loss  of  mark  or 
in  reporting  seem  unlikely.  If  ditlerences  in 
probability  of  capture  can  be  ignored,  the  dif> 
icrencc  i.s  due  to  mortality  rates,  and  using  the 
formulation  of  the  C  ommittec  of  Three,  we 
have  the  following  equation 

""Ax  -  e-*^**" 

The  average  time  between  marking  and 
veooveiy  was  10  years  and  induded  the  war 


poiod,  so  that  the  fishing  mortality  over  the  10 
years  was  therefore  believed  to  be  equivalent 
to  about  5  years  "normal".  We  therefore  have 

-to  (i^)  -  -Ui(0^)-  1.131 

-  10(M,-M^-5(F,-F^ 

or,  assuming,  as  did  the  Committee,      =  Mf 
=  F,  +  0.26  (the  Comimltee  of  Three, 
rounding  oflTdifferently,  used  0.28). 

Other  marking  data,  for  fin  whales  only, 
gave  an  estimated  total  mortality  of  fin  whales 
during  the  same  period  of  0.11.  This  gives 
estimates  of  Ft,  the  fishing  mortality  on  Mue 
whales,  between  0.26  (if  =  0,  M  =  0.11) 
and  0.37  (if  F^  =  0. 1 1.  M  =  0).  with  a  more 

grobable  value  (for  F,  =  0.06,  M  =  0.05)  of 
.32. 

The  Committee  of  Three  did  not  com- 
ment on  this  value.  It  would,  however,  imply 
that  the  fishing  mortality  on  blue  whales  was  5 
times  that  on  fin  whales,  at  a  time  when  the 
catches,  in  number,  of  fin  whales  exceeded 
that  of  blue  whales.  This  seems  surprising.  One 
possible  explanation  lies  in  the  small  number 
of  marked  Uue  whales  recovered  in  die 
post-war  period.  If  only  8  more  f  15  in  all)  had 
been  recovered,  the  estimate  of  F^  corre- 
sponding to  Ff  =  0.06  would  be  0.17,  and  if  4 
lcss(3maU),F»-0.46. 

Another  possible  reason  is  that  by  1947 
the  whalers  had  swung  away  from  blue  whales 
to  a  positive  preference  (in  terms  of  general 
strategy  at  least)  for  fin  whales,  i.e.,  that  the 
fishing  mortality  in  1947  (and  hence  the  prob- 
ability of  a  marked  whale  being  caught)  was 
greater  for  fin  whales  than  blue  whales.  If  this 
dilTerenoe  was  Ing  enough  it  could  account  far 
all  the  difference  in  return  rate,  and  complete- 
Iv  uivalidate  the  method.  Indeed,  the  meth- 
od  and  the  estimate  above,  are  only  valid  if 
(for  marks  returned  in  1947) 

F,  =  0.32   F,  =  0.06  1937-46 

Fb  =  F,  1947  (actual  value  is 

irrelevant)  223 
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In  fact,  even  ignoring  effects  of  chance  varia- 
tion, the  observed  marking  data  ^rc  consistent 
with  a  wide  range  of  values  ot  lishing  morialil)' 
on  blue  and  fin  whales. 


De  Lury  estimate 

This  was  the  basic  method  used  by  the 
Committee  of  Three.  Between  1953/54  and 
1960/61  the  catch-per-catcher  day,  south  of 
60"S,  fell  by  68  %  (from  .256  to  .081),  while  the 
cumulative  catch  was  1 1  650  whales.  If  the 
population  also  declined  by  68  %,  and  if  the 
only  source  of  diange  was  the  removal  of 
1 1  650  animals,  the  initial  population  was 
17  132.  leaving  5  482  at  the  end  of  the  period. 

As  the  Committee  of  I  hree  pointed  out, 
neither  assumption  is  fully  justified.  The  pop- 
ulation numbers  also  change  because  of  gains 
from  recruitment,  and  losses  from  natural 
mortality.'  The  effect  of  these  net  gains  is  that 
the  population  declines  more  slowly  than  ex- 
pected from  the  numbers  caught,  and  this  fact 
leads  to  the  population  being  overestimated. 
This  can  be  in  part  allowed  for  by  using  only 

the  decline  in  the  last  part  of  the  penod.  A 

more  accurate  method  of  allowance  has  been 
used  in  the  fin  whale  studies.  Making  allow- 
ance ior  this  net  recruitment,  the  Committee  of 
Three  considered  figures  of  9  000-10  000  wha- 
les in  1953/54  as  Ixnng  the  best  available  esti- 
mate. 

Allowance  should  also  be  made  for  the 
probable  decrease  in  the  attention  paid  to  blue 
whales,  as  discussed  in  section  2.  This  decrease 
would  tend  to  overestmiale  the  reduction  in 
blue  whale  stock.  It  is  not  possible  to  estimate 
the  amount  of  this  bias,  though  the  differences 
between  countries  in  Table  2  indicate  its  poss- 
ible extent.  A  change  in  attention  that  altered 
the  ratio  of  catch-per-unit  effort  to  abundance 
by  a  factor  of  2  is  clearly  possible,  so  that  the 
1960/61  population  could  he  as  much  as  64%, 
rather  than  32  %,  of  the  1953/54  population. 
This  would  imply,  using  the  simple  De  Luiy 
estimate,  that  the  1953/54  population  was  1 1 


650/  32  =  32  360,  and  the  1960/61 
20  790. 


Recent  data  on  stock  size:  sightings 

The  most  extensive  series  of  observa- 
tions f3i  blue  whales  in  the  Antarctic  since 

commercial  catehinp  ceased  are  those  carried 
out  by  Japanese  scouting  vessels.  The  most 
recent  report  on  these  sightingis  is  that  sub- 
mitted hv  M  isaki  and  Yamamura  (1977)  to 
the  1977  IWC  Meeting.  These  authors  con- 
clude (Table  20  of  their  paper)  that  the  average 
number  of  blue  whales  m  the  Antarctic  (soutib 
of  30°S)  in  1975  was  1 1  840.  Of  these,  6  450 
were  in  zones  E  and  D  of  areas  111  and  IV,  in 
the  southern  Indian  Ocean,  and  were  probably 
pygmy  blue  whales.  Subtracting  these,  die 
estimate  for  the  1975  blue  whale  population 
proper  is  5  390.  This  is  probably  the  best  single 
estimate  of  the  absolute  members  of  Antarctic 
blue  whales,  but  is  subject  to  considerable  var- 
iance and  bias.  A  negative  bias  could  occur 
because  whales  are  not  seen,  or  if  thev  react  to 
the  presence  of  the  vessels,  and  move  away 

before  the  vessel  comes  within  sighting  range. 

Bias  in  either  direction  will  occur  insofar  as  the 
area  covered  hv  the  vessels  docs  not  have  the 
same  density  ol  blue  whales  as  the  uiisurvcycd. 
This  has  been  somewhat  reduced  by  considor- 
ing  sightings  by  zones  and  areas,  but  some  bias 
probably  remains. 

To  the  extent  that  these  sources  of  bias 
(especially  the  fraction  not  seen)  are  likefy  to 
be  the  same  from  year  to  year,  the  annual 
sightings  could  be  u.sed  as  indices  of  abun- 
dance. The  year-to-year  changes,  particularly 
over  a  period,  could  then  be  uwd  to  determine 
whether  the  abundance  was  changing.  Howe- 
ver, the  high  year-to-year  variability,  added  to 
the  fact  the  annual  values,  as  tabulated  in 
Table  19  of  Masaki  and  Yamamura,  do  not 
appear  to  be  wholly  independent,  make  it  dif- 
ficult to  apply  the  ilala  as  they  stand.  Further 
analysts  of  the  original  observations  would 
probably  be  valuable. 
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Sustainable  yield 

It  is  a  commonplace  of  a  simple  popula- 
tion theory  that  if  a  population  is  reduced  by 
exploitation  it  uill  t'cncrallv  tend  to  increase 
toward  its  original  level  of  abundance.  The 
relation  of  mis  tendency  to  population 
abundance  and  other  factors  determines  the 
nature  and  form  of  (lie  sustainable  yield  curve, 
e.g..  whether  sustainable  yield  is  a  simple, 
single-valued,  parabolic  function  of  abund- 
ance or  somelhmg  much  more  complicated. 

A  tendency  to  increase,  if  it  occurs,  must 
be  caused  by  changes  in  I  or  more  of  the  nat- 
ural parameters  (growth,  mortality,  or  repro- 
duction). The  form  of  the  sustainable  yield 
curve  can  therefore  be  studied  in  2  ways  - 
either  directly  and  empirically  by  obser\'ing 
the  net  changes  in  population  (i.e.,  natural 
increase,  if  any,  less  catches)  and  relating  these 
to  population  abundance  (ir  other  factors,  or. 
more  analytically,  by  observing  changes  in  ttie 
parameters.  The  first  approach  was  attempted 
bv  the  Committee  of  Three. 

Figure  6  of  their  report  shows  their  best 
estimate  of  the  relation  between  stock  abun- 
dance and  sustainable  yield  and  suggests  very 
clearly  as  the  points  have  been  plotted,  that  for 
stock  sizes  of  between  50  000  and  150  000  ani- 
mals a  significant  annual  yield,  of  5  000  or 
more,  with  a  maximum  at  a  population 
somewhat  in  excess  of  100  000.  can  be  taken 
without  dccrcasmg  the  stock.  The  data  points 
are,  however,  taken  from  Table  13  of  the 
Committee's  report.  This  table  examines  dif- 
ferent relations  between  catch  per  catcher  ton 
day  and  abundance,  and  the  value  chosen  is 
that  which  gives  the  most  reasonable  result.  To 
some  extent  their  argument  was  circular  and 
ihc  llt'iire  is  more  an  illustration  of  the  results 
ol  the  caich  and  effort  analyses  than  an  inde- 
pendent demonstration  of  the  existence  and 
shape  of  a  sustainable  vield  eur\e.  lentil  im- 
proved estimates  of  changes  in  abundance  are 
available  the  nature  of  the  sustainable  yield 
curve  may  be  better  studied  from  examination 
of  changes  in  some  of  the  natural  parameters. 

Large-scale  catching  of  blue  whales 


Flo.  1.  -  The  percenlage  of  blue  whales  in  the  aiiches  ihai 

were  r<nind  In  be  pregnant,  as  a  fiinelion  of  length,  fi^r  thrcL 
periods  -  l932/.^3- h^-Vi/.^V  reasons  (eurxe  (a>.  (.russt^j. 
I947/4X-I951/S2  fcun.e  lb).  closed  circles)  and 
1957/58-1961-62  (curve  (c),  open  circles).  Note  changes  to  a 
higher  asymptotic  pngatttxy  rate. 

ended  before  the  development  of  age  deter- 
mination from  ear-plugs,  so  good  age  samples 
are  not  a\  ailahle,  and  direct  estimates  ofnior- 
tahty,  recruiiment  rate,  and  other  parameters 
cannot  be  obtained.  However,  the  data  do 
allow  estimates  of  changes  in  birth  rates  to  be 
obtained.  Fig.  1  shows  the  percentage  m  the 
catches  of  females  that  were  pregnant  at  each 
length  during  3  periods  -  1932/33-^)36  37, 
1947/48-195 1/52  and  1957/58-196 1  /62.  These 
all  show  the  same  typical  sigmoid  shape,  but 
with  important  differences.  The 
1957/58-1961/62  period  has  relatively  high 
values  among  very  small  whales.  These  are 
almost  certainly  the  "pygmy  blue  whales" 
which  were  <»ily  caught  during  this  period, 
and  whether  or  not  genetically  distinct  cer- 
tainly mature  at  a  smaller  size.  The  curve  for 
the  first  period  rises  to  a  lower  asymptote  (36  % 
pregnant).  There  is  also  a  slight  difference  in 
the  length  at  which  the  percentage  pregnant  is 
hall  the  asvinptotic  value  (7'^.f>  It'^.igainst  79  It). 
1  he  latter  would  suggest  that  in  the  more  re- 
cent periods,  the  females  were  maturing  at  a 
slichtiv  smaller  size,  and  hence  also  probably 
at  a  lower  age,  especially  if  there  has  been  any 
increase  in  growth  rate.  This  analysis  of  the 
pregnancy  data,  taking  account  of  the  sizes  of 
whales,  seems  to  avoid  the  chances  of  bias 
involved  in  looking  at  the  percentage  pregnant  225 
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in  the  whole  catch,  or  above  a  certain  specified 
size.  The  proportion  pregnant  in  the  samples  is 
not  equal  to  the  actual  reproductive  rate,  n, 
(expected  number  of  young  produced  per  year 
per  mature  female),  because  females  suckling 
calves  could  not  legally  be  caught  and  there- 
fore do  not  appear  in  the  samples  (the  com- 
pliance of  most  expeditions  with  this  legal  re- 
quirement is  believed  to  have  been  cood).  To  a 
first  approximation  (i.e.,  ignonng  loss  of  calv- 
es, etc.),  the  proportion  of  pregnant  females 
in  the  mature  population,  is  equal  to  the  pro- 
portion of  suckling  calves  (i.e.,  those  pregnant 
in  the  previous  season)  so  that  for  the 
1932/33-1936/37  data 

36 

.36  (1  -  n)  «  n    i.e^  n  «    -—  —  .265 

1.36 

and  similarly,  for  the  later  periods 

155 

A  tabulation  can  now  be  prepared  fol- 
lowing thatof  OulUmd  ( 197 1)  for  fin  whales,  as 


given  in  Table  3,  setting  out  the  net  rate  of 
natural  increase  (r  -  M),  as  a  fttnction  of  the 
pacameteis  of  reproduction  and  mortality  in 
the  p(n>ulation. 

m  this  tabulation,  the  differences  be- 
tween column  A  (1)  and  column  B  show  only 
the  changes  that  hxvt  been  independently  ol>- 
served,  i.e.,  an  increase  in  pregnancy  rate,  an 
earlier  maturity  (taken  (o  be  1  year),  and  an 
increase  in  females,  because  of  the  greater 
hunting  pressure  on  males.  The  value  of  M' 
was  chosen  so  as  (o  make  the  \  aIueof  rin  the 
unexploited  stock  equal  to  the  value  of  M.  that 
is,  to  assume  that  the  stock  is  not  changing.  It  is 
also  possible  tfiat  other  changes,  e.g.,  lowar 
natural  mortality  among  juveniles,  may  oocur, 
which  would  tend  to  increase  the  net  rate  of 
increase  (equal  to  the  sustamable  rate  of  har- 
vest). A  possible  set  of  values,  which  would 
imply  a  sustainable  harvesting  rate  not  far 
short  of  the  0.1  implied  in  the  figure  of  the 
Committee  of  Three's  report  is  given  in  col- 
umn A  (2). 

In  the  above  tabulation  too  much  signifi- 
cance should  not  be  attached  to  the  individ- 
ual Hgures.  Several,  particularly  the  natural 
mortaliQr  rates,  are  not  well  known.  The  im- 


TaUe  3.  Possible  values  of  lulunl  parameters  and  net  rale  of  natural  increase  of  whale  slocks  during  (A),  and  before  (B), 


hin  Whales  Blue  Whales 

(from  Gulland,  1971)  Mature  Stock 

A  B  Ml)  B  A(2) 


P  06  0.5'  0.6  0.5  0.6 

q  0.9  ni)  1.0  1.0  10 

n  a4  0.35  0.355  0.265  0.355 

M  0.15  ai5  0.133  0.133  0.10 

T  4  9  8  9  8 

r  0.119  0.041  0.074  0.O4O  .096 

M  OXM  0.04  0.040  0.040  0.03 

r-M  a079  aOOl  0.034  aO  0.066 


to  llw  table: 

p  >  piopoitiM  of  remain 

(J  ~  propurtiom  at  (cm ales  diit  aie  malvc 

■  -  tvmge  number  of  yomg  pradiwed  per  aninc  female  per  ytu 

M'  ~  awrafc  natural  monalitv  rate  among  inuwtnfC  aainab 

T  "  mean  age  a\  m«liinly 

r  -  recniiuncni  nte  <-  p«|n  c 

M  —  nannl  noiiaHtjr  nic  MM^g  aiaMic  aninMb 
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portance  of  the  table  is  the  light  it  can  shed  on 
vv  h  ether  the  blue  whale  is  increasing,  and  if  so, 
roughly  at  what  rate.  The  2  columns  corres- 
ponding to  the  exploited  stock  suggest  that 
taking  account  onlv  of  observed  changes  in 
basic  parameters,  the  stock  is  increasing  at 
about  3  %  per  year;  if  oliier,  quite  feaable, 
changes  are  oocuirin^  it  could  be  increasing  at 
some  6  %. 

The  supposition  that  it  is  increasing  wiii 
be  untrue  only  if  1  or  more  of  the  following  is 
true: 

(i)  the  changes  in  sex  ratio,  pregnancy  rate, 
and  age  at  first  capture  have  been  badly 
overestimated; 

(ii)  the  pre-exploitation  population  was  not 
in  approximate  equilibrium,  with  a  net 
rate  of  increase  (r  -  about  ZttO,  but 
was  in  fact  decreasing; 

(iii)  there  have  been  changes  in  other 

parameters  (essentially  M  or  M',  since 
the  other  parameters  are  reasonably  well 
monitored),  in  a  direction  (i.e.,  increased 
mortality),  and  with  a  magnitude  that 
would  cancel  the  tenden^  to  increase 
arising  from  the  observed. 

None  of  these  seem  likely;  we  may, 
therefore,  be  justified  in  expecting  that  the 
blue  whale  stock  is  increasing  possibly  at  a 
rate  rather  better  than  3  %,  though  until  more 
accurate  estimates  of  abundance  are  available 
over  a  period  it  is  not  possible  to  confirm  or 
disprove  this  expectation. 


Diseusakm 


The  preceding  secti<Nis  suggest  that  no 

single  method  can  at  present  be  used  to  give  a 
reUable  quantitative  estimate  of  the  size  of  the 
Antarctic  stock  of  blue  whales.  We  might, 
therefore,  conclude  that  all  that  can  defmitely 
be  said  is  that  there  are  quite  a  number  of  blue 
whales  about  (as  shown  by  the  sightings  dis- 
cussed above,  as  well  as  other  sighting  re- 
cords), and  that  there  are  fewer  than  there 
were  (catch-per-unit  effort  data)  and  that  it  is 
more  likely  than  not  that  they  are  increasing 
(sustainable  yield  analysis,  and  changes  in  nat- 
ural parameters).  This  is  perhaps  a  useful 
conclusion,  in  view  of  some  of  the  more 
alarmist  statements  that  have  been  published 
in  recent  years.  However,  some  more  quanti- 
tative estimates  can  be  suggested  if  all  the  data 
are  considered  together.  The  sightings  provide 
an  estimate  ot  an  average  of  5  000  animals 
between  196S  and  1977.  To  compare  with  this, 
we  have  the  2  estimates  (for  the  Antarctic  stock 
less  pvcmv  blue  whales)  from  the  Dc  Lur\' 
analysis  of  6  tXXJ  and  9  GOO-IU  000  ammals  in 
1953/54  which,  due  to  bias  in  the  catdi-per- 
unit  effort,  are  likely  to  be  biased  downward. 
Taken  together,  and  allowing  for  the  catches 
between  1953  and  1963,  a  likely  figure  for  the 
catchable  stock  of  Antarctic  blue  whales  is 
about  4  000  whales  in  1 963,  increasing  at  about 
4-5  %  per  year,  to  perhaps  7  000-8  000  by  1975 
if  the  pygmy  blue  whaie  stodc,  which  may  be 
somewhat  larger  than  the  blue  whale  stock,  is 
included,  an  estimate  of  rather  over  10  000 
blue  and  pygmy  blue  whales  is  arrived  at  for 
the  whole  of  the  Southern  Ocean. 
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Methods  for  determining  the  movements  and  stock  units  of  fin  whales.  Balaenopiera 
physahis,  in  the  Southern  Hemisphere  are  examined.  Analyses  suggest  a  number  or  separate 
breeding  stocks  either  in  each  southern  ocean  or  subdivided  in  each  ocean,  remaining  in  the 
warm  northern  breeding  grounds  in  the  winter  and  migrating  to  Antarctic  feeding  grounds 
during  the  summer,  where  limited  dispersal  and  intermingling  of  stocks  takes  place. 

The  methods  for  estimating  the  population  size  of  B.  physaius  in  the  Southern  He> 
misphere  and  associated  problems  and  modifications  are  also  reviewed.  Preseason  estimates 
of  the  Uital  Antarctic  fin  whale  populations  were  agreed  upon  in  1970  by  the  Scientific 
Committee  of  the  International  Whaling  Commission  (IWC)  as  171  800  animals  in  1957/58 
and  100  500  animals  in  1961/62.  A  number  of  methods  used  in  the  analyses  depend  upon 
catch  and  effort  data;  precise  quaniification  of  the  lailer  has  proven  dinicult,  especially  in  a 
multispecies  fishery,  and  deseiAcs  ;n'dnt  nal  study.  Since  1962,  wh.ilinp  interest  has  shifted 
from  fin  whales  to  successively  sniallci  baiaenoplcrid  species,  eliminating  population  asses- 
sments which  rely  heavily  on  catch-per-unit  of  eflbrt  data,  as  above:  subsequent  estimates 
since  1970  have  depended  upon  some  form  of  inlerativc  pnx'ess,  allowing  room  for  cumula- 
tive errors,  with  the  major  problem  bemg  the  determination  of  the  rate  of  rccruiinicni.  Based 
on  such  methods,  the  IWC  Scientific  Committee  has  agreed  on  a  current  population  estimate 
of  about  83  000-84  000  for  .Antarctic  fin  whalcv  Rtccru  sharp  declines  in  fin  uhalc  stock 
indices  in  Antarctic  Areas  IV  and  ill  are  not  consistent  with  the  model  being  used  and  suggest 
a  need  to  revise  the  estimates.  In  classifying  southern  fin  whales  under  the  IWC's  new 
manarc-mcni  po!ic\  !hc  si/e  of  the  Antarctic  pnpiilition  before  •.vli  iliii^  was  given  to  be 
400  000  animals,  reduced  to  a  currcntsize  of  80  500.  liic  inuxmium  sustainable  yield  was  taken 
to  be  8  060,.  produced  from  a  popubtion  of 227  000  whates. 

L'auteur  ddcrit  les  m£thodes  utilis^es  pour  itudier  Ics  deplacemcnts  et  les  sicKks  uni- 
taires  de  rorquals  communs,  Balaenopiera  physaha  ("fin**),  dans  Phdmisphdrc  austral.  Les 
analyses  donnent  k  penser  qu'tl  existe  dans  chaque  ocian  austral  un  ou  plusieurs  stocks 
reproducteurs  distincis  qui  passent  rhiver  dans  les  eaux  chaudes  des  basses  latitudes  et 
gagnent  en  tii  les  zones  d'alimcntation  de  I'Antarctique'Oil  se  produisent  une  oeitaine 
dispersion  ct  un  certain  melange  des  stocks. 

'  L'auteur  precise  ^galement  les  methodes  employees  ptiur  estimer  la  taillc  des  popula- 
tions de  B.  physaius  dans  Thiimisphere  austral,  les  probldmes  qui  se  posent  et  les  modificBlions 
introduites.  Le  Comitc  scientifiquc  de  TIWC  a  estime  en  1970  qu'i  louvertuie  descampagncs. 
la  population  antarctique  de  rorquals  communs  s"elev.ii(  au  total  i  171  800  anirnau.x  en 
1957/58  eta  100  500  en  1961/62.  Plusieurs  mdthodesd'analyse  reposentsurlecalcul  des  prises 
et  de  I'cfTort  dc  peche.  La  quantification  picciNC  des  sccondes  donncrs  csf  difTicilc,  surtout 
dans  une  peche  multi-specifique,  ci  cllc  dcinande  un  supplement  d  etude.  iX-puis  1962,  229 
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llnt^rct  lies  balcinicr  s  s'est  detoume  dcs  rorquals  communs  vers  dcs  espies  de  balcinoptires 
de  plus  en  plus  peiites,  de  sorte  qu'U  n'est  plus  possible  d'estimer  la  population  par  les 
in6thodes  qui  repownt  essentietlemeot  sur  la  c.p.ii.e.  Les  estiinatknis  postirieures  i  1970 

dependent  dc  prt)c6de.s  itcratifs  qui  coniportcnt  un  risque  d'crreurs  cumulatives.  Le  probldme 
principal  a  iti  le  calcul  du  laux  de  recrutement.  En  se  fondant  sur  ces  m^odes,  le  Comiti 
sdentifiqae  de  11WC  a  estitn^  la  population  actueUe  de  rorquals  oommuns  de  rAntarctique  i 
environ  83  000-84  000  animaux.  Les  flechissements  considerables  observds  riccmment  dans 
les  indices  des  slocks  des  zones  IV  el  III  dc  I'Antarctique  sont  en  disaccord  avec  le  modele 
utilise  et  donnent  k  pcnscr  qu'il  faudrait  r^dser  les  estimations.  En  pla(^nt  les  rorquals 
oommuns  de  TAntarctique  dans  le  cadre  de  la  nottvdle  politique  d'aminagement  de  I'lWC. 
onaindique  que  la  taillc  dc  la  population  dc  FAnlarctique  itait  de  400  000  animaux  avant  Ic 
d6but  dcs  operations  de  chasse  balemiere  el  qu  elle  a  etc  rMuite  au  chiffre  aciuel  de  80  500. 
On  a  ooittidM  que  le  readement  maximal  aoutenu  <tait  de  8  080,  k  partir  d'uae  population  de 
227  000  animaux. 

— — ' — 

Se  exanunan  lus  metodos  utilizados  para  determinar  los  movimicntos  y  las  unidades  de 
pob}ad6n  de  las  baUenas  de  aleta  {Balaenoptera  physahis)  en  d  Hemisferio  Sur.  Los  anilisis 
hcchos  indican  la  presencia  de  varias  poblacit)ncs  dc  reproductores,  bien  en  cada  uno  de  los 
mares  australes  o  subdivididas  dentro  de  ellos,  que  permanecen  en  los  criaderos  »eptcntho- 
nales  mfts  cilidoa  durante  el  invierno  y  emigran  a  las  zonas  de  alimentaddn  del  Antiftico 
durante  el  veiwKN  cuando  se  produce  una  diq>eniAB  Unilada  y  una  inlennada  de  las 
pobladones. 

Se  examinan  tamlnte  los  mitodos  empleados  para  la  esdmacidn  dd  vdumen  de  las 
poUadonesde  JL^ft)tM^en  d  Hemisferio  Sur,  los  problemas  que  sc  plantcan  y  las  modifi- 
caciones  que  a  veces  son  neoesarias.  El  Comiti  Cientifico  de  la  Comisidn  Bailenera  Intema- 
donal  flWC)  consiguid  llegar  a  un  acuerdo,  en  1970,  sobre  las  cifras  de  las  pobladones  totales 

de  ballena  dc  aleta  del  Antillico.  cstimandolas  en  171  800  animates  en  1957/58  y  100  500 
animales  en  1961/62,  antes  del  comienzo  de  las  respectivas  campa&as  de  caza.  Vaiios  de  los 
mt^todos  utilizados  para  el  anaiisis  se  basan  en  los  datos  de  captura  y  csfueizo;  la  cuantifica- 
ci6n  exacta  de  esios  <Utunoa  msnlta  diOdl  cuando  se  trata  de  una  pesqueria  en  la  que  se 
capturan  varias  especies,  v  merccc  nucvos  csiutlios  Dcsdc  1962,  el  interns  de  los  cazadores  dc 
ballenas  se  ha  dcsplazado  dc  las  ballenas  de  aleta  hacia  especies  dc  balcnoptiridos  cada  vez 
menores,  diminando  asi  la  posibilidad  de  hacer  evaluaciones  de  la  poblacidn  a  partir  de  los 
datos  de  captura  por  unidad  dc  csfucr/o,  cn  la  forma  indicada  mas  arriba.  Las  estimaciones 
hechas  a  partir  dc  1970  sc  han  basado  en  una  u  otra  forma  de  proccso  iterative,  teniendo  en 
cuenta  podbies  errores  cumulativos,  y  d  prindpal  problema  ha  sido  la  dctcrminacion  del 
(ndice  de  reclutamiento  Basandose  en  esos  mt^odos.  el  Comite  Cientifico  de  la  IWC  ha 
llt^ado  a  un  acuerdo  sobre  una  estimacion  dc  la  poblaciun  dc  ballenas  de  aleta  del  Antartico 
dd  orden  de  83  000-84  000  animdes.  La  notable  disminudta  que  se  ha  legistrado  reciente* 
mente  en  lo6 Indices  dc  p(>hlaci6n  dc  las  balieriLis  dc  aleta  en  las  Areas  IV  y  III  del  Antdrtico  no 
esta  de  acueidooon  el  modelo  utilizado  y  sugicrc  que  cs  ncccsario  revisar  las  estimaciones.  Al 
dasificar  las  ballenas  de  aleta  australes,  en  la  nueva  politica  de  ordenacidn  de  la  IWC.  d 
volumen  de  la  poblacion  del  Antdrtico  antes  de  que  comenzara  su  explotaci6n  se  estim6  en 
400  000  animales,  mientras  que  en  la  actualidad  su  niimcro  sc  ha  reducido  a  80  500.  Como 
leiidimieato  miximo  soalenible  se  ba  dado  k  dfra  de  8  080  ballenas,  produddas  a  p 
una  pobladta  de  227  000  animdes. 
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POPULATION  ASSESSMENTS  OF  ANTARCTIC  FIN  WHALES 


The  movements  of  the  Southern  Hemi- 
sphere fin  whales  between  the  coldwater  fee- 
ding grounds  occupied  m  the  summer  months 
and  me  warm  water  which  they  frequent  for 
breeding  in  the  winter  is  known  from  such 
evidence  as  the  times  and  places  of  whaling, 
direct  observations  of  their  seasonal  popula- 
tion densities,  and  the  recoveries  of  marks. 

An  analysis  of  whale  sightings  made  by 
RRS  Discovery  II  in  the  Antarctic  durine 
the  period  1933-39  was  presented  by  Mackin- 
tosh and  Brown  (1956).  This  was  one  of  the 
first  attempts  to  quantify  the  si/e  of  the  south- 
em  baleen  whale  stoeks.  In  addition,  it  dem- 
onstrated the  seasonal  variation  m  the  num- 
bers of  these  whales  pnsent  in  ice-free  Ant- 
arctic waters.  Some  75  %  of  the  whales  seen 
were  reckoned  to  be  fin  whales.  By  plotting  the 
numbers  of  sightings  in  go<.)d  visibility,  wind 
less  than  force  6,  on  a  monthly  basis  the  grad- 
ual rise  in  mini  hers  from  about  September  to 
February  and  the  decline  from  then  until  July 
was  clearly  demonstrated.  This  was  taken  as 
evidence  of  a  long  stream  of  arrivals  into  the 
feeding  grounds  during  the  former  period  and 
departures  in  the  latter. 

A  rather  similar  analysis  of  aircraft 
sightingis  data  and  catch  records  in  the  warm 
waters  of  the  Durban  whaling  grounds  by 
Bannister  and  Gambell  (1965)  during  the 
winter  months  showed  the  reverse  cycle.  Fin 
whales  appeared  in  this  area  in  April,  increas- 
ed to  a  peak  density  in  Julv  and  then  declined 
to  the  end  of  the  whaling  season  m  October. 


Stock  units 


The  fin  whale  populations  in  the  South- 
em  Hemisphere  are  considered  to  be  com- 
posed of  a  number  of  separate  stodcs.  The 
identification  and  delineation  of  these  stocks  is 
by  no  means  complete.  In  general,  the  schemes 


most  favoured  in  published  analyses  suggest 
separate  breeding  stocks  either  in  each  south- 
em  ocean,  or  subdivided  m  each  ocean.  The 
existence  <^  a  central  Indian  Ocean  stock  has 
also  been  postulated  (see  Table  1). 

All  of  the  breeding  stocks  migrate  to  the 
Antarctic  feeding  grounds  dtiring  the  summer 
months,  where  they  overiap  and  intermingle  lo 
a  limited  extent  before  returning  to  the  winter 
breeding  grounds  in  the  equatonal  waters. 

For  practical  purposes,  most  population 
analyses  using  sub-division  of  the  total  Ant- 
arctic zone  have  been  based  on  the  traditional 
six  areas  (I,  120"W-60'W;  U,  60"W-0";  III, 
(T-TCTE;  IV,  7(rE-!3(rW;  V,  13(rE-170°W;  VI, 
170"W-120''W)  utilized  by  the  Bureau  of 
International  Whaling  Statistics.  These  areas 
were  based  primarily  on  the  feeding  concen- 
trations of  blue  whales,  but  they  seem  to  have 
some  relevance  to  die  fin  whale  stodc  units 
suggested  above. 


Whale  marking 


The  most  direct  evidence  for  the  migra- 
tions of  fin  whales  comes  from  recoveries  of 


TaUe  1.   A  siiuui'srcd  division  uf  the  Southern  Hcmisi 
(111  v\hiili-  populalinns  (after  Iviishin. 
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Discoverv-typc  internal  marks.  These  can 
only  be  found  when  a  carcass  is  processed  at  a 
whaling  factory,  and  so  there  are  no  recoveries 
outside  the  whaling  grounds.  However,  dhe 
returns  to  date  suggest  that  there  is  in  Southern 
Hemisphere  fin  whales  a  general  pattern  of 
segregation  of  the  populations  in  the  breeding 
areas,  and  of  their  dispersal  and  assodatkm  on 
the  feeding  grounds  (Brown,  1962,  1962a, 
1970). 

Fifteen  recoveries  under  the  Interna- 
tional Mariting  Scheme  demonstrate  the 

north-south  movement  (T:ib!c  2).  Fin  whales 
marked  of  i  both  coasts  of  South  Americ  a  have 
been  caught  in  the  western  half  of  Area  11,  and 
whales  caught  off  both  coasts  of  South  Africa 
have  been  marked  in  Area  III.  One  whale 
marked  off  the  east  coast  of  South  Africa  has 
been  caught  further  south  and  east  m  Area  111 
(Biown,  1972),  and  one  mark  fiiom  the  western 
part  of  Area  IV  has  been  recovered  off  the  east 
coast  of  South  Africa.  East-west  movements  of 
whales  marked  and  recaptured  m  the  Antarc- 
tic indicate  that  of 466  nooks  reoovored  up  to 
1970,  oofy  82  (17.6  %)  were  found  in  an  area 


different  from  that  of  marking  (Brown,  1970). 
In  all  cases  the  area  ot  recovery  was  next  to 
that  of  marking.  Movement  eastward  has 
taken  place  between  all  of  the  areas,  and  move- 
ment westward  in  all  except  Areas  VI  and  V. 
It  appears  that  movements  between  Areas  II 
and  in.  111  and  IV  and  1  and  VI  are  about 
equal.  There  may  be  rather  more  movement 
betw  ecn  Areas  I  and  II,  at  least  in  an  eastward 
direction. 

A  study  by  Brown  (1954)  showed  that 
the  maximum  range  of  dispersal  appears  to  be 

limited  withm  50"  east  or  west  of  the  position 
of  marking,  and  that  dispersal  is  not  necessar- 
ily in  itself  progressive.  Within  this  limit,  how- 
ever, the  proportion  of  fin  whales  dispersing 
with  lapse  of  time  docs  tend  to  increase.  34  % 
of  the  whales  recovered  within  two  years  of 
marking  had  moved  more  than  10  east  or  west 
compared  with  60  %  of  the  k>nger  term  reco- 
veries from  the  208  records  considered.  Brown 
suggested  that  dispersal  may  take  place  among 
the  younger  whales  of  the  population  rather 
than  among  older  whales. 

Similar  results  can  be  derived  fiom  the 
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Soviet  nKirking  data  presented  by  Ivashin 
(1973).  These  indicate  that  of  43  fin  whales 
recovered,  8  (18.6  %)  had  moved  into  an  adja- 
cent area  (2  records  appear  to  be  in  error  in  die 
listing  as  printed). 

It  should  be  emphasized  that  in  many 
cases  mcluded  in  both  the  International  and 
the  Soviet  Marking  Sdiemes,  the  location  of 
firing  and  finding  of  the  marks  was  very  close, 
with  on\\  a  few  decrees  of  longitude  separat- 
ing lijc  positions  even  when  these  fell  on  dif- 
ferent sides  of  an  area  boimdaiy.  It  seems  that 
manv  fin  whales  return  to  the  same  feeding 
place  year  after  year. 

Iodine  values  oj  Jin-whale  oil 

During  the  feeding  period,  whales  build 
up  reserves  of  fat.  The  composition  of  the 

constituent  oils  varies  according  to  the  food 
supplv.  migration  pattern  and  environmental 
and  other  factors,  and  these  are  taken  to  be 
reflected  in  the  iodine  value  of  the  oil.  Nor- 
wceian  work  has  shown  some  evidence  of  re- 
gional  '-esregation  of  the  fin  whales  in  the 
Antarctic  using  iodine  values  as  a  means  of 
comparison  between  areas  (Lund,  1950,  19S0b, 
1951). 

Siimples  were  taken  on  board  factorv 
ships  woris.ing  around  the  polar  region,  and  at 
the  South  Georgian  land  stations.  The  kxline 
figures  fell  into  4  distinct  groups,  which  were 
taken  to  indicate  that  there  are  more  or  less 
discrete  groups  of  fin  whales  feeding  in  the 
areas  5(rW-0",  (T-TOX  TOT-ISOT  and 
160  - 1 70 "W.  The  average  values  of  the  samples 

are  shi»wn  in  Table  3 

1  he  iodine  values  rose  umfomily  in  all 
areas  during  the  course  of  the  whaling  season 
by  some  8-11  units. 

These  results  suggest  that  there  may  be 
little  interchange  of  whales  betwera  the  areas 
indicated  during  the  whaling  season.  Howe- 
ver, the  oil  samples  analysed  were  not  entirely 
homogenous;  although  they  were  derived 
predominantly  from  the  fm-whale  catch,  some 
blue-whale  oil  would  also  be  included  (a  cor- 


TaUe  3.  Avfnige  todlM  valncs  for  whalc-ol  nwplrji 
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rection  was  applied  to  compensate  for  higher 
values  due  to  anv  humphack  catches  talcLMi).  In 
addition,  the  rather  small  variations  demons- 
trated in  the  iodine  values  make  it  impossible 
to  determine  to  what  extent  whales  may  move 
both  between  areas  outside  the  Antarctic  and 
within  the  Antarctic  Zone  outside  the  whaling 
season. 

Length  composition 

Length  distributions  of  the  catches  be- 
tween 50  -60  S  and  60''-70"S  over  a  long  period 
of  years  botli  pre-  and  post-war  were  plotted  by 
Laws  (I960)  by  l(f  sectofs  of  longitude.  Both 
male  and  female  material  showed  a  similar 
pattern  in  ho\\\  /ones,  with  a  striking  si/e  seg- 
regation by  longitude.  I  here  appeared  to  be 
four  main  size  groups  represented,  roughly 
corresponding  to  South  Atlantic,  South 
Indian.  West  Pacific  and  East  Pacific  Oceans. 

The  size  distributions  were  fairly  closely 
correlated  with  the  distribution  catches.  With- 
in each  group  the  largest  animals  were  cor- 
related with  the  greatest  intensity  of  catching 
and  there  was  a  progressive  decline  in  body 
size  east  and  west  of  the  modes.  The  largest 
animals  and  the  greatest  intensity  of  whaling 
occurred  on  the  Greenwich  meridian  at  the 
boundary  between  Areas  11  and  III. 

More  recently,  Ohsumi  and  Shimadzu 
(1970)  have  looked  at  mean  length  data  bv 
areas  for  fin  whales  aged  25  years  and  over, 
roughly  corresponding  to  the  size  at  physical 
maturiQr  in  this  ^pedes.  Hiey  found  that  the  233 
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largest  mean  length  was  recorded  in  Area  II, 
decreasing  eastwards  through  Areas  TII,  TV,  V 
and  VI.  The  value  for  Area  I  was  inlermediale 
between  those  of  Areas  n  and  VI.  The  difTer^ 
ent  lengths  for  neighbouring  areas  were  not 
statistically  significantly  dilferent.  and  while 
they  cannot  be  used  to  differentiate  between 
slock  units,  they  do  suggest  that  more  than  one 
stock  may  be  present. 

The  pattern  of  sizes  found  h\  Laws.  Oh- 
sumi  and  Shimadzu  is  smulur,  but  caution 
must  be  mercised  when  using  sudi  data  be- 
cause the  mean  lengths  of  whales  may  be  af- 
fected bv  the  status  of  the  stocks  after  having 
experienced  varying  histories  ol  exploitation. 

Serohffcal  Oudtes 

Three  major  blood  groups  in  Antarctic 

fin  whales  were  identified  by  Fujino  (1964) 
and  they  were  considered  to  be  produced  by  2 
major  and  equal  allelic  systems.  Non-random 
geographic  distributions  of  the  inddenoe  of 
the  blood  types  suggested  that  4  different 
breeding  stocks  enter  the  Antarctic  Areas  II, 
ni  (north  of  50"SX  HI  (south  of  50"S)  and  IV. 
Adjacent  stocks  overlap  to  a  certain  degree  on 
ihc  feeding  grounds,  and  intermingle  to  the 
extent  ol  some  10  %  between  Areas  II  and  III. 

Variations  associated  with  the  blood 
types  in  the  school  size,  pregnancy  rate,  age 
composition  and  ovarian  corpora  accumula- 
tion rate  were  also  suggested.  These  could  well 
account  for  the  observed  variations  in  these 
features  around  the  Antarctic  zone. 

Unfortunately,  these  blood  group  anal- 
yses and  other  comparable  biochemical  stud- 
ies have  never  progressed  much  beyond  the 
initial  investigation  stage.  The  results  look 
interesting  and  probably  significant,  but  they 
have  never  been  followed  up  sutTiciently  to 
make  them  conclusive.  In  particular,  identifi- 
cation of  breeding  stocks  by  sampling  whales 
on  the  feeding  grounds  is  clearly  not  the  most 
direct  method,  and  it  would  be  much  more 
convincing  if  samples  from  warm  waters  could 
234   form  the  basis  of  stodc  identifications. 


Methods  of  estimating  populatioo  sfasc 

The  International  Whaling  Comniission 

set  up  the  Committee  of  Three  (later  Four) 
Scientists  to  analvsc  the  status  of  the  Antarctic 
whale  stock  and  advise  on  catch  levels  in  1960. 
This  Committee  introduced  the  techniques 
and  methodology  then  developed  in  fisheries 
research  into  the  field  of  whale  investigations 
(Chapman,  Allen  and  Holt,  1964).  These 
methods  were  flirther  extended  and  modified 
by  the  Committee  and  subsequent  workers  to 
give  the  range  of  assessment  models  now 
commonly  employed. 

A  number  of  the  methods  of  analysis 
depend  to  a  greater  or  lesser  extent  on  catch 
and  clTort  data.  The  whale  catch  records  are 
reasonably  reliable,  given  the  long  series  of 
data  on  numbers,  lengths  and  sex  of  each  spe- 
cies caught,  which  is  held  by  the  Bureau  of 
international  Whaling  Statistics.  The  eKort 
statistics  are  much  less  firmly  based  because 
the  measurement  of  whaling  effort  in  mixed 
species  whaling  in  the  Antarctic  is  not  easy. 
Over  the  years  whale  catcher  boats  have  be- 
come more  powerful;  they  have  been  fitted 
with  more  sophisticated  equipment  for  track- 
ing whales,  finding  their  own  and  the  whales' 
positions,  communicating  with  the  rest  of  the 
whaling  fleet,  and  overcoming  the  difficulties 
and  dangers  of  poor  weather  conditions  and 
ice.  In  addition,  the  skill  of  the  gunners  varies, 
and  the  different  national  fleets  have  differing 
modes  of  operation  which  affect  their  relative 
efficiencies.  AH  of  these  factors  are  hard  to 
quantify  precisely,  but  Holt  and  GuUand 
(1964)  su^ested  that  many  or  all  of  them  are 
reflected  m  a  tonnage  ooire^ion  which  had 
been  diown  to  give  a  better  adjustment  than 
hofsepower  (Hylen,  1964). 

The  unit  of  effort,  catcher-day's- work,  is 
a  variable  which  has  not  been  standardized  so 
0ur.  Day  length  varies  with  latitude  and  time  of 
year.  Stop-catch  days,  when  the  whaling  fac- 
tory can  process  no  more  carcasses,  shorten 
that  day's  catching  effort  The  use  of  scouting 
vessels  and  aircraft  will  also  alTect  the  value  of 
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a  catching  day's  effort. 

In  multispccies  whaling,  there  are  ver\' 
considerable  problems  of  allocaung  the  calch- 
in^  effort  employed  for  vazious  spedes.  Agam, 
this  is  a  difncultv  which  has  not  been  adequate- 
ly studied.  Rather,  the  problem  has  been 
circumvented  to  a  greater  or  lesser  extent  by 
eitamiiimg  in  dfetail  only  data  from  years  or 
parts  of  years  of  more  or  less  constant  interest 
in  one  species;  by  looking  at  areas  frequented 
more  by  one  species  than  another;  or  by  deal- 
ing with  areas  and  periods  of  more  or  less 
equal  whaling  intensity. 

Although  a  correction  for  weather  had 
been  calculated  (Guliund  and  Kesteven, 
1964),  which  incidentally  showed  considerable 
variations  between  expeditions,  such  correc- 
tions have  not  been  utilized  in  any  assess- 
ments, it  has  been  generally  assumed  that 
weather  is  a  random  factor  over  several  sea- 
sons, but  the  published  analyses  do  not  suggest 
this.  With  the  changes  in  whaling  grounds  and 
species  interest  which  have  occurred  over  the 
years,  it  would  seem  rather  important  to  take 
this  factor  into  account. 

Most  methods  of  population  assessment 
based  on  catch  and  effort  data  give  estimates 
of  the  "exploitable  population**  size.  This  term 
is  used  to  define  the  whales  which  may  be 
killed  within  the  restrictions  imposed  by  size, 
area,  time  and  other  limits.  The  estimates 
givoi  idTer  to  thb  section  of  the  population 
and  appropriate  additions  must  be  made  to 
obtain  ^e  total  population  sizes. 


modifications  have  to  be  introduced  to  take 
account  of  the  fact  that  recruitment  and  mor- 
tality occur  within  a  whale  population  dunng 
the  time  period  covered  by  the  data. 

One  modification  developed  by  Chap- 
man (1970)  uses  the  relationship: 

X.-k|N.(l  +  (r-M)i)-cc]  (1) 

where 

Xj  »  catch-per-onit-effort  in  season  i 
No  ^  population  size  at  start  of  study 

period 

r-M  =  net  recruitment  rate  (gross  re- 
cruitment -  natural  mortalify) 

cc  =  cumulative  catdi  to  midpoint  of 
season  i 

This  is  an  approximation,  since  gross  re- 
cruitment is  derived  fitom  the  parent  popula- 
tion, while  natural  mortality  applies  to  the  ac- 
tual population. 

if  cc  =  di  +  f  then  equation  (1)  can  be 
rewritten  as 

X,  -  [No(l  +  (r  -  M)i)  -  di  -  n 
-  (No-f)  +  lt(No(r-M)-diJ 

d  and  f  can  be  rakwlaled  from  cumulative 

catch  data,  and  the  regression  of  catch-per- 
unit-of-efTort  on  season  derived  using: 

X,  »  a  +  bi 


DeLury  method  Tlienwith    k  (No  -  0  =  a 

and  k(N,(r-M)-d)»  b 

The  size  ol  a  declmmg  population  can  be 
estimated  Itom  catch  and  eflKxt  data  almie 

using  the  De  Lur)'  (1947)  method.  In  this,  the  ~  '         =  f  «  jl 

accumulated  catch  is  plotted  against  the  N«(r  -  M)  -  d  b 

catch -per-imit-of-effort  in  sucessive  years.  An 

«ctnipolation  to  the  intercept  with  the  zero  ^  ^       i  —  ah 

catch-per-unit-of-efTort  axis  gives  an  estimate  °      1  —  (r  —  M)h 

of  the  stock  size  in  the  first  year  of  the  series. 

This  simple  model  assumes  that  the  popula-  Clearly  this  procedure  relies  on  an  ac- 
tion under  stucty  is  a  dosed  one.  In  practice,  curate  independent  estimate  of  r  —  M  being  235 
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available,  and  the  assumption  that  it  is  con- 
stant during  the  study  period. 

Least  squares  method 

This  method,  developed  by  Allen  (1966, 
1968X  is  based  on  the  approxunation: 

N,^,-  (N.-CJe^  +  R.    (2) 

where 

C,  *  catch  in  season  t 

N,  =  population  at  the  b^inning  of 

season  t 
R,  =  recruitment  in  year  l 

This  assumes  that  the  natural  mortality 
(M)  occurs  after  the  fishing  season  hut  since 
the  Antarctic  whaUng  season  is  only  sunic  3  or 
4  months  in  duration,  this  is  probably  not  too 
serious. 

Estimates  of  recruitment  are  obtained 
from  age  composition  data.  I  he  ratio  of  the 
catches  fiom  a  partial^  recruited  year-class  to 
a  fully  recruited  year-class  is  compared  in 
successive  seasons: 

C„  N., 
Q-l.t  "^*N,-l.t 

where  r,  =  fractioB  of  the  year-class  i  which  is 
iecruited  in  season  t. 

It  is  assumed  that  the  year-class  i  -  1, 
one  Year  older,  is  flilfy  recniRed,  so  that  for  the 
catches  in  the  next  season: 

Q...     ^    r>N,e''  +  R,t+l 

where  R^ti-i  '  recruits  from  year-class  i  in 
seasont  -l-  1. 

z  »  total  mortality  oo^Bdent  (natural  -I- 
fishing  mortalities). 

With 


the  proportion  of  new  recruits  in  the  popula- 
tion N^,^,  (and  also  in  the  catch  Q,^.!  if  this  is 
now  a  fully  recruited  year-class). 

Then 

With 

Cji 

thai 

This  estimates  the  proportion  of  new  re- 
cruits in  the  year-class  tuily  recruited  for  the 
first  time,  and  by  working  backwards  in  time  it 
can  be  extended  to  estimate  the  proportions  of 
new  recniits  in  all  the  catches. 

Using  this  calculated  recruitment,  the 
population  aze  is  estimated  from  equation  (^) 
by  computing  the  value  for  the  population 
which  minimizes  the  sum  of  the  squares  of  the 
difference  between  actual  catches  and  the 
catdies  expected  fiiom  the  population. 

Mori  a  a  IV  and  catcfuUrility  coeff^oit 
methods 

The  basic  relationsiiip  assumed  in  fishe- 
ries analysis  Ls; 

C  -  qllSI    (3) 

where 

C  -  catch 

q   B  catchability  coelTicient 
f    =  unit  of  effort 

N  »  mean  population  during  the  fish- 
ing season. 

The  size  of  a  year-dass  in  year  t  is  related 
to  its  size  a  year  later  t  -I-  1  by 
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N, 


11*1 


where 


N 


Zt 


size  of  year-class  i  at  bcgillil- 

ing  (if  season  t 

size  of  year-class  i  at  beginn- 
ing of  season  t  +  1 
total  instantaneous  mortality 
ooeffident 


The  total  mortality  ooefliciait  can  be 

derived  from  the  ratio  of  the  catch-per- 

unit-of-cffort  (c/f)  in  2  successive  years  of  a 
fully  recruited  year-class,  thus; 


Z,  =  log 


(c/a 


Estimates  are  usually  calculated 

month,  comparing  similar  months  a  year 
apart,  and  by  sex  and  suitable  sub-areas.  In 
this  way  a  number  of  estimates  can  be  derived 
which  may  be  pooled  to  give  an  average  for  a 
particular  season,  sex  and  area.  Even  so,  the 
estimates  often  differ  quite  widely,  due  to  var- 
iable migration  patterns  of  the  whales,  fluc- 
tuations  m  catchmg  effort  from  place  to  place 
and  season  to  season,  and  variations  in  the 
catches  resulting  from  weather  and  other  en- 
vironmental factors. 

In  an  effort  to  reduce  this. variability,  the 
Committee  of  Three  had  averaged  their  total 
mortaUty  estimates  over  4  seasons  and  these 
smoothed  results  were  considered  satisfactory 
(Qiapman,  Allen  and  Holt,  1964).  Subse- 
quently, Doi  et  al.  (1970)  developed  another 
smoothing  technique.  After  calculating  the 
total  mortality  coefficients  by  area  and  season, 
they  estimated  the  corresponding  natural 
mortality  coefficients  from  the  numbers  of  the 
year-classes  are  represented  in  recent  catches 
as  the  oldest  whales  and  obviously  the  method 
depends  on  having  good  samfdesof  aocuntdy 
aged  whales  The  difference  between  the 
abundance  of  successive  year-classes  of  these 
old  aSBuab  recruited  before  exploitation  and 
irfudi  have  subsequently  experienced  the 


same  histon,'  of  exploitation  is  a  measure  c( 
their  natural  mortality  rate. 


Now  since  z, »  M  4-  F,  -  M  -f  qf, 


where 


M  =  natural  mortality  coefficient 
F,  »  fishing  mortaliQr  coeHident  in 

season  t 
f,    "  fishing  efr<Hrt  in  season  t 

the  fishing  mortahty  coefficient  can  be  calcu- 
lated by  simple  subtraction  of  the  natural 
mortality  coeflldent  fiom  the  total  mortality 
coefficient.  This  makes  the  assumption  that 
the  natural  mortality  remains  unchanged 
throughout  the  period,  and  this  may  not  be 
true  when  there  have  been  very  large  changes 
in  stock  size. 

For  each  estimate  of  the  fishing  mortal- 
ity coefficient  F,  there  is  a  corresponding  value 
for  f«  the  fishing  effort  appUed  and  for  q,  the 
catchability  coefficient.  The  estimates  of  q  are 
combined  to  give  a  smoothed  value,  particu- 
larly fur  periods  of  more  or  less  imiform  elTort, 
and  tiie  smoothed  estimate  can  then  be  appli- 
ed in  formula  (3)  to  find  the  population  .size. 

It  should  be  noted  that  this  method  gives 
an  estimate  of  the  population  size  durmg  the 
whaling  season,  whereas  most  of  the  other 
methods  employed  give  estimates  for  the  start 
of  the  season. 

Recruitment  curve  method 

Doi  et  al.  (1970)  have  also  argued  that 

since  whales  are  only  caught  during  a  fairly 
short  period  of  time  each  year,  the  equatioii  (2) 

model  IS  a  reasonable  approximation: 


N, 


(N,  -  Qe  "  +  K 


where 


N  =  catchable  stock  size 
C  -  caldi 
R  «  recruits 
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TTic  recruitment  appeared  to  be  calcu- 
lated from  the  number  of  mature  females  in 
the  population.  The  mature  females  themsel- 
ves were  determined  by  multiplying  the  total 
stock  bv  a  factor  which  declined  from  1930  to 
1960  and  then  remained  constant.  The  reason 
for  this,  and  the  precise  manner  for  determin- 
ing the  recruitment  were  not  made  dear. 

Four  types  of  reproduction  curve  were 
deduced  which  could  possibly  apply  to  the  fin 
whale  situation.  These  fell  withm  the  maxi- 
mum and  minimum  values  calculated  for 
initial  and  grossly  depleted  populations,  but 
again,  the  basic  data  and  reasoning  supporting 
the  erection  of  these  reproductive  relation- 
ahips  were  not  dearly  indicated. 

Whale  moHUng  m^hods 

Because  the  numbers  of  baleen  whales 
marked  and  recovered  in  the  Antarctic  are  re- 
latively small,  the  marking  data  have  not  gen- 
erally been  used  directly  for  estimating  the 
population  sizes.  Instead,  there  have  been  var- 
ious analyses  in  which  the  data  have  been 
manipulated  to  yield  estimates  of  the  total, 
natural  and  hence  fishing  mortalities,  leading 
on  to  population  estimates  from  the  catch  data 
in  certain  periods  of  the  year. 


Tabte  4.  Eflkiency  of  returns  of  prewar  maiked  fin  whales 


Seasons 

%  rettin) 

1945/46-1948/49 

9 

1949/50-1953/54 

10 

1954/55-1958/59 

20 

1959/60-1963/64 

46 

Any  analyses  should  take  account  of  the 
fact  that  recovery  and  reporting  of  whale 
marks  is  not  flilly  eiBdent  Calculationa  based 
on  the  recoveries  of  pre-war  placed  fin  whale 


TaHeSL  RcH 

ms  of  fia  1 

iS  hgr  dMcici 

itoomlrin 

Couniiy 

No.  of 
marks 
leturaed 

No.  of 
whales 
caught 

Maries  per  Efficient 

1  000  cf 
whales  Japan 

Japan 

UK 

Non^ay 
NetherlaiKU 

:  M 

29 
68 
9 

79  992 
22  099 
57402 
10626 

2.925 
IJ12 
1.185 
a847 

100 
45 
41  ' 
29 

'  Ofijuiwl  £jvck  48  llnlcriMtional  Whaling  Commiuiun.  I%7.  (able  8.  p.  36). 


marks  in  the  post-war  years,  allowing  for 
mortality,  changes  in  whding  effort  and  spe- 
cies interest,  have  shown  a  remarkable  in- 
crease in  the  efficiency  of  returns  (see  Table  4 
-  International  Whalmg  Commission,  1967). 
This  probably  results  from  the  increasing  use 
of  carcasses  for  meat  rather  than  oil.  so  that  the 
marks  are  more  likely  to  be  found  when  the 
whale  is  cut  up.  Also,  Japanese  fleets  took  a 
larger  proportion  of  the  catch  in  the  later 
years,  and  they  have  the  highest  mark  recover)^' 
rate  of  the  pelagic  whaling  nations,  as  shown  in 
Table  5. 

Even  the  Japanese  fleets  are  not  fully 
eflicient.  Doi  et  ai  (1970)  showed  that  of  101 
marks  fired  mto  baleen  whale  carcasses  durme 
pelagic  operations,  only  70  (70  %)  were  found 
during  cutting  iq>,  and  only  15  (65  %)  of  23 
marks  thrown  into  ^>enn-whale  «>okers  were 
later  recovered. 

An  alternative  approadi  is  based  on  Se- 
ber's  (1962)  method  of  analysis.  This  raflkeB  a 
comparison  of  the  number  of  marks  recovered 
m  the  same  season  from  different  marking  ex- 
periments. The  Committee  of  Three's  orinnal 
analysis  was  similar,  and  the  method  eumi- 
nates  the  problems  of  varying  efficiencies  of  re- 
covery between  expeditions  and  years,  since 
these  factors  are  common  to  the  iUfTerent  ex- 
periments. The  ratio  of  the  proportion  of  re- 
coveries from  the  varicius  marking  experi- 
ments in  a  period  after  the  last  is  a  measure  of 
the  total  mcMlality  duiing  the  period  between 
the  experiments. 
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Plipalatkiii  dtimalcs  Op  to  1970 


The  starting  point  for  most  current  as- 
sessments of  Antarctic  fin  whale  populations 
are  the  estimates  adopted  at  the  IWC  Scientiilc 
Committee*s  special  meeting  held  in  Mardi 
1970  in  Honolulu  (International  Whaling 
Commission.  1971).  This  meeting  reviewed  all 
the  available  estimates  and  found  that  they 
agreed  reasonably  dosely  over  the  period  from 
1954  to  1962.  At  this  time  about  80  %  of  the 
Antarctic  catch  was  composed  of  fin  whales,  so 
that  any  bias  in  catch-per-unit-of-effort  data 
introduced  by  the  catch  of  other  spedes  was 
not  ver>  large.  The  main  stock  estimates 
included  in  the  Scientific  Committee's  synthe- 
sis were  as  follows: 

De  Lury  estimates 

Chapman  (1970)  presented  modified  De 

Lur>  estimates  of  1957/58  initial  fin  whale 
populations  by  areas  calculated  from 
catch-pcr-unit-of-elTorl  data  from  1957/58  to 
1961/62  (1959/60- 1963/64  for  Area  1  because 
of  its  different  history  of  exploitation)  Effort 
was  adjusted  for  tonnage:  (catcher  days  x  ton- 
nage)/ 1  000.  Results  employing  a  range  of  val- 


ues for  r  -  M  were  given,  and  also  those  from 
a  further  correction  to  the  efTort  data.  This 
correction  prorated  the  effort  by  the  propor- 
tion of  fin  whales  in  the  total  catch,  as  an 
extreme  measure  of  the  division  of  efTort  di- 
rected toward  fin  whales.  The  results  are  sum- 
marized in  Table  6. 

Least  squares  estimaus 

Allen  (1970)  made  population  estimates 
for  the  whole  Antarctic  fin  whale  slocks  usint' 
his  least  squares  technique  (Alien,  1966,  1968). 
They  were  based  on  catdi  data  for  the  period 
1954-64,  and  were  extrapolated  back  to  1932 
and  forward  to  1969.  All  Southern  Hemi- 
sphere catches  were  allowed  for,  but  the 
comparison  of  actual  and  expected  catches 
was  for  pelagic  whaUng  only. 

Values  of  M  of  0  03  and  0.04  were 
adopted  and  recruitment  was  calculated  from 
age  data  derived  from  (i)  annual  age  compo- 
sitions: (ii)  a  smoothed  age-length  kew  both 
provided  by  Japanese  scientists,  and  (in)  the 
origmal  age-length  key  data  from  many  na- 
timis  provided  for  the  Committee  of  Three. 
The  estimates  of  population  size  resulting 
from  these  analyses  are  summarized  in  Table 
7. 


TiMe  C  ModUed  DeLun' 


(X  10-^  df  19S7/SI  Wdal 
l9S7/«li»lWl/62 


oUcnlatcd 


Area 


Total 


]■ 


II 


III 


IV 


VI 


rM  =  0.03  92              43.6  72  5  32.1  17.5  11.8  186.7 

r  At      0  04  B.9                41.0  68.0  30.0  I6.S  11.3  175.7 

u.sin^  pioraied  efTort  daia  ll-Vl 

r.M-  0.03  50.7  67.0  31.1  14.9  11.7  175.4 

r.M-a04  47.1  63.2  29.3  14.3  11.1  165.0 


■  A  KpaiiiciHilwiiof  dicAwi  ldM«<«mikdoBl.  t—uwiMt  Aict  watMwniiilly  nnfirixd  aaiil  W55/ifc  A  moJMM  PcLuiy  anityilt  w»  bKd  a*  thetoliiKiw 
a^-pcr.«nii.iif«llbit  ftooi  N9I/S6  to  M57/SI  ud  I9S»/M  to  I WS/M.  Thcte  w  no  cMch  in  die  Aica  ■  I9SS/S9.  The  adniMct  Ibr  die  2  periodi  wcie  comtacm 
with  one  MMMiMr,  ami  Dw  l9$7/3>  «ihie  wm  oliUnMl  by  cUnpniedM  bMk  rn»  dK  MeoMi  poiod.  TMs  melyiii  ebe  indinled  diel  i^M  -  0l€9  pM  the  bni 
acfccmeni  betmeca  ihe  iwft  pcfioA;  bai  k  WM  mbM^ncaUy  dtclaad  Aom  odMr  evMcoct  ih«  dw  MUfag*  vttee  Ibr  ihe  whole  Aaiaiciie  ftooi  IMS  to  IM3  ww  aboai 
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of  (oCnI  Antarctic  fin  irin 

la«taclit(x 

Age  data 

(1) 

(2) 

(3) 

M  = 

0.03 

0.(>4 

0.03 

0.04 

aQ3 

ao4 

1931/32 

288 

338 

330 

2K0 

275 

323 

1957/58 

164 

171 

195 

186 

177 

185 

1961/62 

90 

93 

112 

107 

103 

107 

1967/68 

44 

46 

61 

58 

56 

59 

MortaHty  and  eatehabtttty  co^fkient 
estimates 


No  new  estimates  of  this  type  were 
available  at  the  Honolulu  meeting,  but  an 
analysis  produced  the  year  before  (Doi  et  ai, 
1970)  was  reviewed.  Key  data  are  summarized 
in  Table  8. 

In  this  anaKsis,  the  tola!  mortality  coef- 
ficient was  calculated  by  year,  area,  month,  sex 
and  age,  and  the  mean  values  from  ages  7  to  49 


yeais  were  used  as  die  ooeffidents  for  each 
area. 

The  natural  niortaliiy  was  derived  from 
the  ddest  age  groups  by  year,  area  and  sex, 
and  an  average  figuie  of  0.0415  used  in  subse- 
quent calculations. 

The  fishing  mortality  coefTlcient  was 
obiained  by  sublrucUng  the  mean  natural 
mortality  figure  fiom  the  estimated  total  mor- 
tality values. 

The  catchability  coefdcient  for  each  year 
was  calculated  by  dividing  the  fishing  mortat- 


TaMt  S.  Mortality  aai  caldHUHly  cotBlclMta  Ibr  Aatarctlc  lln  whales,  aad  icwliing  populatiMi  estimates 


Area 

1 

II 

ill 

IV 

V 

VI 

Whole 

l-VI 

Period 
1954/57 

0.420 

0.106 

Z  total  mortalily  coefncient 

0.0R1             0  073 

0.040 

0.137 

0.095 

0.143 

M  natural  im 

)rialiu  u'ciricienl 

Januaiy 
AD  months 

0.036 

ao2i 

0.023 
aQ24 

0.043 
Ol043 

i  i  0.042 
0.042 

0.035 

ao4o 

0.033 

ao33 

0.035 
a034 

0.035 
0.034 

Januaiy 
All  months 

0.035 
a043 

a053 
0X»3 

0L06S 
OL066 

9  $0,064 
0.061 

ao36 

a037 

0.035 

a057 

aos7 

0XM8 
a049 

F  fidiing  monaliiy  coefficient 

1954/57 

0l379 

a065 

a040 

0.032 

-0.002 

a096 

0.054 

0.102 

q  catchability  coefficient 

1954/58 

a40s 

0.026 

0.014 

inuUcJ  (H)pul. 

0.045 

alinn  si/cs  (  X  10 

^.003 

a  100 

0.007 

0.098 

1957/58 
1961/62 

14.8 
9.1 

44.3 
25.1 

66.7 
39.7 

25.0 
.  11.9 

18.0 
7,0 

11.4 
3.7 

168.7 
91,5 

180.2 
96.5 
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ity  coefficient  by  the  fishint'  effort,  the  latter 
expressed  as  catcher-day's-work  conected  for 
tonnage. 

Finally,  the  mid-season  population  esti- 
mates were  detennined,  apparently  using  the 

relationships: 


E  - 


tM  +  F 


where 


N  "  mid-season  population 

C  =  catch 

t  »  length  of  season 

X  s  corrected  fishing  effort 


It  is  not  clear  if  individual  values  ot  q  for 
sesean.  and  area  were  used,  or  smoothed  values 
for  combined  groups  of  years,  in  this  final  step. 

Recruitment  curve  estinuUes 


Using  an  iterative  procedure  from  an 
assumed  starting  population  size,  the  known 
annual  catches  and  estimated  recruitment 
each  year  were  deducted  and  added  on  res- 
pectively to  calculate  the  history  of  the  fm 
whale  population  by  Den  et  id.  (1970). 

Four  reproductive  curves  were  consi- 
tlered,  giving  the  results  summarized  in  Table 
9.  Ihe  bases  for  the  calculations  are  not 
known. 


Synthesis  of  results  in  1970 

The  results  from  the  main  estimates 
outlined  above  were  combined  to  provide 
agreed  estimates  of  the  Antarctic  fin  whale 
populations,  as  shown  in  Table  10. 

It  should  be  noted  that  other  analyses 
were  taken  into  account  in  evaluating  this  re- 
sult. For  example.  Chapman  (1970)  had  up- 
dated the  Committee  of  Three's  estimates  of 
total  mortality  to  correct  for  the  new  under- 
standing of  age  determination  in  lln  whales. 
The  original  work  had  been  based  on  the  as- 
sumption  that  2  ear  plug  layers  were  formed  a 
year.  The  catches-per-unil-of-elTort  of  "four" 
year  olds  in  one  year  were  compared  with  the 
"five"  year  olds  in  the  next.  The  work  of  Roe 
(1967,  1967a)  on  the  histology  of  the  ear  plug 
showed  that  only  1  layer  was  formed  a  year. 
The  original  coefficients  of  mortaU^*  would 
then  be  half  as  large,  to  allow  for  the  doubling 
of  age,  as  shown  in  Table  1 1 . 

Natural  mortahty  had  been  estimated  by 
the  Committee  of  Three  fh>m  catch  curves  for 
193 1  /32,  a  season  following  relatively  small  fln 
whale  catches.  Heincke's  method  was  used  for 
"5, 6,  7  year  old  whales  and  older",  because  it 
is  insensitive  to  inaccuracies  in  the  estimation 
of  the  older  age  groups.  The  average  mortality 
coefficient  for  males  was  0.047  and  for  females 
0.053,  so  that  a  mean  of  0.05  was  adopted  as 
the  best  estimate  of  natural  mortality.  Again 
this  value  should  be  halved  when  the  ages  were 


Tabic  10.  Esliinalcs  of  total  expioilabk  Antarctic  (in  whale 
fUfaUOm  <pi«i  waoHm  triad  X  W-^ 


TMb  9.   FSlimalfd  pupulalions 
oa  4  r«productiv«  r«l 


(X  10-1) 


Method 


I9S7/58  IMl/62 


Case 


Scison 

l92'>/30 

1937/58 

I961/62 

1969/70 


283.7 
107.7 
SM 
57.7 


147.9 
95.8 


123.1 
59.4 
44.6 


378.5 
144.4 
89.2 
89.2 


Modified  DcLur\  (Vl  =  0  1141  176  108 
l.casl   .squares   ( M  =  ().U4.  annual 

keys)  171  93 
Catchability    cocfllcicnt  (adjusied 

rrom  Riid-aeaKm)  194  1)0 
Recniltmeni  curve  (average  of  caos  2 

and  4)  146  91 

Average  171.8  100.5 
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Tafei*  II.  Orl^^iiiul  jfiil  corrccli-d  eslimalos  of  tlw  total 
tality  cueflicicnls  of  fin  whales 


Origioai  Onrected 


Area 

1953/54- 

1957/58- 

1953/54- 

1957/58- 

1956/57 

1960/61 

1956/61 

1960/61 

1 

0.656 

a280 

0.328 

0.140 

n 

0.263 

0.268 

0.132 

0.134 

III 

0.201 

0.386 

0.100 

0.193 

IV 

0.286 

0.532 

0.143 

0.266 

V 

0.121 

0.541 

0.060 

0.270 

VI 

ai64 

0.490 

0.082 

a24S 

Average 

0282 

a416 

0.141 

a208 

doubled,  although  this  result,  0.025,  is  rather 
low  when  compared  with  the  Japanese  esti- 
mate of  0.0415. 

Whak  maHtittg  estimates 

Th«  results  of  marking  analyses  were 
also  con.sidercd  at  Honolulu.  The  Committee 
of  Three  had  compared  the  mark  returns  in 
1957/58  to  1960/61  from  both  pre-war  and 
postwar  maiking  eaqjoiments.  The  ratio  of 
the  percentage  returns  is  equal  to  c  ",  with  t 
about  20  years,  the  time  between  the  mean 
dates  of  pre-and  post-war  marking,  1935  and 
1955.  The  results  are  shown  in  Table  12. 

The  results  of  post-war  marking  experi- 
ments in  each  season  from  1953/54  to  1959/60 
were  analysed  by  the  Seber  (1962)  method 
(Intematioiial  Whaling  CcHnmission.  1967). 
Zero  year  recoveries  were  disregarded  because 
they  may  introduce  a  bias  due  to  incomplete 


labie  12.  Estimates  of  total  mortality  (z)  from  pre-  and 


Expcnmcnts 

Area  II 

Aitaltl     Other  Areas 

Total 

z 

ao7i 

a06S  ai47 

0.110 

mixing  The  mortality  rates  wore  calculated 
from  the  formula: 

1  -  tfa 
to(S«  +  1) 

where 

to     =  number  marked  less  zero  year 

recoveries 

t,     »  number  marked  in  following 

season,  less  zero  jrear  recoveries 
Sa    —  number  of  marks  recovered  in 

second  season  and  later 
S|j    <B  nmnber  of  mailcs  recovered 
from  following  season's  mark- 
ing in  first  or  later  seasons 

The  estimates  were  very  variable,  bemg  based 

on  only  a  little  over  1  000  marked  whales  but 
gave  an  average  value  tor  the  7  seasons  of 
z  =  0.27.  This  calculation  was  updated  by 
Oiapman  ( 1 970)  taking  additional  mark  lecov- 
eries  into  account*  and  gave  an  estimate  of 
Z  =  0.026 

A  lurthcr  analysis,  making  appropriate 
corrections  for  the  efficiency  of  recoveries 
outlined  in  l  ahle  4  was  carried  out  to  estimate 
the  actual  number  of  marked  whales  recap- 
tured each  season.  This  overcomes  the  prob- 
lem of  non-finding  or  reporting  of  marks, 
ahhough  a  value  of  M  -  0  05  was  used  in  the 
calculations.  A  Seber-lype  analysis  was  then 
perform ed  giving  an  average  figure  for 
z  •  0.040. 

The  Honolulu  meeting  decided  that  the 
marking  results  generally  supported  those 
from  the  other  mettiods  of  anah^  which  were 
utilized,  but  because  of  the  variability  of  the 
marking  data  they  could  not  be  considered 
very  conclusive  by  themselves. 


Popubitioo  esriwaHis  ifaice  1970 


Since  1962  there  has  been  a  shift  of 
interest,  in  the  Antarctic  fishoy,  from  fin  to 
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sei.  and  latterly  lo  minke-whales.  This  has 
meant  that  it  is  no  longer  possible  to  estimate 
the  size  of  the  fin  whale  populations  meth- 
ods relying  heavily  on  catch-per-iinit-of-ef- 
lort  data,  since  this  is  no  longer  an  accurate 
measure  of  the  fm  whale  abundance.  The 
fishing  grounds  also  have  moved  to  fower  lat> 
itudes  where  the  set  whales  are  found  in 
bireater  concentrations.  The  net  result  has  been 
that  ail  the  estimates  of  tin  whale  population 
size  in  recent  years  have  depended  on  some 
form  of  iterative  process  incorporating  the 
known  catches  and  the  assumed  or  calculated 
recruitment,  starting  from  the  agreed  popula- 
tions in  19S7/S8  and  1961/62.  There  is  clearly 
scope  here  for  cumulative  errors  to  build  up. 
but  the  major  problem  has  been  in  determin- 
ing the  actual  rate  of  recruitment. 

Two  main  methods  of  estimating  re- 
cruitment have  been  employed;  one  based  on 
mathematical  models  de\el(>ped  by  Japanese 
scientists,  i.e.,  a  theoretical  recruitment  curve 
technique;  the  other  developed  by  Allen  on  his 
least  squares  approach,  using  actual  estimated 
recruitment  from  age  data. 

Theoretical  recruiiment  rale 


50  T,  a  figure  ajreed  at  the  Honolulu  meeting 
on  biological  grounds.  The  second  correction 
was  a  calculation  due  to  Shimadzu  (1970).  This 
assumed  that  half  the  lactating  females  wean- 
ed their  calves  during  the  whaling  season  and 
so  became  exploitable,  the  number  of  lactalmg 
animals  being  based  on  the  number  pregnant 
in  the  preceding  season.  This  gave  a  maximum 
value  of  just  under  40  %. 

Age  at  sexual  maturity  in  females  (t^ 
has  dedined  over  the  years.  It  has  been  esti- 
mated from  the  age  at  which  50  %  of  the  catch 
sample  is  mature  (Ohsumi,  1972,  1973)  and  by 
the  ear  plug  layer  counts  to  the  transition 
phase  (Lockyer,  1970,  Updated  1972).  Unpub- 
lished Japanese  data  comparable  with  the 
latter  were  also  plotted  and  2  rather  arbitrarv 
curves  fitted  decreasing  from  1 1  to  5  and  9  to 
4.5  years  with  decreasing  stock  size. 

Age  at  recruitment  (t.)  was  not  estimated 
directly  because  no  age  data  Irom  ear  plugs  are 
available  before  1957.  it  is  not  correct  to  apply 
recent  age-length  keys  to  these  earlier  years 
because  of  the  changes  in  growth  rates  which 
may  have  occurred.  Instead,  the  average  age  at 
recruitment  (knife-edge)  was  calculated  from 
the  following  equations: 


ZS 


-IBM 


Using  mathematical  models.  Japans 
scientists  have  used  the  best  available  esti-  S  = 

mates  of  the  relevant  parameters  to  calculate  ' 
population  size  and  sustainable  yields  in  a  for-  „ 

mulatiofi  submitted  by  CHisimn  (1972,  revised  «   !b  

1973).  The  fluctuations  in  the  key  parameters  2  (I  —  s) 

of  pregnancy  rate,  age  at  sexual  maturity  in 
females,  age  at  recruitment  and  natural  mor- 
tality  rate  after  recruitment  were  examined  in 

the  context  of  relative  stock  si/e  compared  «      ^  z   

with  the  initial  si/e.  u.sing  the  assessment  of  ^-{un  ioz 

Do\  el  al.  (197U)  as  the  standard.  Pregnancy 

rates  (p)  were  obtained  from  the  Bureau  of  R„    »  R^"*""** 

International  Whaling  Statistics  data.  These 
show  an  overall  increu.se  since  the  nineteen  N 
thirties.  They  were  modified  in  2  ways  to 
compensate  for  the  absence  of  lactating  fe- 
males in  the  catches.  One  correction  was  a 


I  -s 


smoothing  to  reduce  the  maximum  value  to  N  243 
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Where  The  rate  of  recruitment  was  estimated  by 

the  followiag  j>aramete]:s: 

Rg     =  number  at  age  ol  llrst  recruit- 

moit  to  exploitable  populatton  R     =  pSe 

R.    —  number  at  mean  ag^  of  sexual 

maturity  S      —  c'^***^^ 

Ro     =  number  at  birth  |^ 
S     »  population  aze  of  mature  fe-  K  - 

males 
S       "  survival  rate 


2S  s'"" 
F 


N  "  exploitable  popululaion  size  E      "  - — -=rj  (I  -  e"^ 

p  «  pregnancy  rate  ^ 

t.  =  age  at  sexual  maturity, females 

t,  =  age  at  recruitment  M  = 

M'  =  natural  mortaiity  belore  re- 
cruitment 

Z  »  total  morality 


1  -8 

C     «  EN 


z  was  calculated  from  the  fishmg  rates 
for  1957/58  and  1961/62,  using  the  agreed 
stock  sizes,  and  assuming  natural  mortalitv  of 
0.04.  Values  of  t^  for  these  2  years  were  there- 
fore obtained,  and  also  for  the  initial  stock, 
with  z  »  M  «  a05S  and  0.04. 

For  each  set  of  estimates  of  the  age  at 
sexual  maturity  there  were  thus  2  sets  of  esti- 
mates for  the  age  at  recniitment  in  1958,  1962 
and  the  initial  stodc  level,  to  whidl  straight 
lines  were  fitted. 

The  natural  mortahty  oo^cicnt  after 
recniitmoit  (M)  was  given  2  arbitraiy  sets  of 
values  in  rdation  to  stock  size,  because  of  the 
laek  of  more  precise  information  One  was  of  a 
constant  value  of  0.04  and  the  other  decreased 
fh>m  0.055  to  0.035  over  the  fill!  range  of  stock 
size. 

The  natural  mortality  coefficient  before 
recruitment  (M')  is  also  not  known  directly, 
but  can  be  calculated  from  the  equation: 

1  _  c""  as  —  e  e 

Using  the  2  sets  of  values  for  each  of  M, 
p,  tc  and  t.  already  decided,  8  estimates  of  M' 
were  obtained,  ranging  from  0.0820  to  0.1972. 
Although  it  is  possible  that  the  value  of  this 
coefficient  dianges  with  stodc  size,  it  was 
treated  as  constant  in  further  calculations. 


With  p.  t,,  t„,  M  and  M'  determined  at 
each  stock  level,  the  above  equation  can  be 
solved  for  the  corresponding  R,  K,  s,  F,  E,  N 
andC.  (T  =  length  of  whaling  season). 

The  rate  of  recruitment  (r)  is  then  calcu- 
lated as: 

R 


The  averaged  results  obtained  using  the 
8  sets  of  combinations  indicated  that  as  the 
population  level  decreases,  the  net  recruitment 
rate  (r  M)  increases  to  a  maximum  <if ' »  55 
at  20  %  of  the  initial  population  level.  I  he  re- 
placement yield  reaches  its  maximum  (MSY) 
at  53  of  the  initial  population  level  and  is 
1.99%  of  that  initial  level 

Population  assessments  were  then  carri- 
ed out  using  the  calculated  parameter  values 
and  an  initial  population  size  which  conform- 
ed with  the  agreed  1957/58  and  1961/62  pop- 
ulation estimates.  This  gave  the  results  shown 
in  Table  13,  from  the  iipdated  calculations  of 
Ohsumi  and  Masaki  (I974X 

This  analysis  seems  to  he  particularly 
sensitive  to  the  value  of  the  natural  mortality 
coefficient  (M)  whidi  is  employed.  Whfle  it  is 
agreed  that  the  present  figure  is  about  0.04 
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Tabh  13.  Recruitment  curve  model  mflmliiii  of 
and>1cl4l!i(x  IQ-^) 


Population  Population  Replacement 

level  size  yield  (RY) 


Average  combiiutioa  of  panmeten 

Initial  395X1  0 

MSY  209.4  7.68 

IW/74  97.1  4.89 

lowest  combination  of  parameters 

Iniiial  425.0  0 

MSY  221.0  6.84 

197  V  74  i<yO 


with  the  stock  at  20^25  %  of  its  initial  level,  the 

values  at  larger  stock  sizes  are  unknown.  If  the 
natural  mortality  rate  is  not  so  much  bigger  at 
higher  stock  levels,  the  effect  is  to  move  the 
N6Y  level  to  a  lai^er  slodc  size,  and  also  to 
increase  the  maximum  sustainable  yield. 

I^ast  squares  eOimates  of  recruUmmt 
rate 

Allen  (1971,  1972  and  1973)  has  carried 
out  further  analyses  using  his  least  squares 
method  to  invcstipatc  the  rate  of  recruitment 
and  related  aspects  of  the  fin  whale  popula- 
tions in  recent  years. 

rhc  model  was  revised  to  take  account 
of  the  fairly  steady  reduction  in  the  proportion 
of  males  in  the  catches  from  about  53  %  to 
about  45  %  since  the  thirties.  It  was  found 
(Allen.  1972)  that  a  combination  of  values  for 
natural  mortaUty  of  M  =  0.035  for  males  and 
0.045  for  females  with  a  protection  lactor  for 
females  of  0.2  would  account  very  largely  for 
the  observed  chances  in  the  sex  ratio  of  the 
catches.  The  protection  factor  makes  allow- 
ance for  the  reduced  whahng  mortality  of  fe- 
males due  to  the  protection  of  those  accompa- 
nied by  a  calf  Shimadzu  ( !*)70)  had  calculated 
that  the  proportion  of  females  protected  in  this 


way  is  0.2,  on  the  observed  migrations  and 
weaning  behaviour. 

With  the  revised  model,  recruitment  was 
calculated  from  Japanese  age  data  from  the 
late  fifties  onward  applied  to  length  composi- 
tions covering  a  much  earlier  period  of  years. 
This  introduces  the  problem  of  possible  chang- 
es in  growth  rates  during  the  period  consid- 
ered and  hence  biased  estimates  of  recruit- 
ment in  the  earlier  years.  Allen's  (1971,  1972) 
conclusions  were  of  relatively  high  and  consis- 
tent recruitment  rates  (around  0.06)  to  about 
1952.  and  that  the  rate  then  declined  quite 
rapidly  to  a  stable  level  (of  about  0.05)  which 
extended  to  at  least  1962.  Thus,  although  there 
appears  to  be  evidence  of  an  increase  in  the 
pregnancy  rate  and  an  advance  in  the  age  at 
sexual  maturity,  direct  measurement  of  the 
recruitment  rate  gave  no  evidence  of  increase 
with  declining  population  size. 

However,  more  recently  Allen  ( 1973)  has 
found  some  evidence  of  an  increase  in  the  re- 
cruitment rate  in  the  last  few  years.  For  this 
analysis  Japanese  age-length  keys  from  1967 
to  1971  were  available.  The  component  of  the 
exploitable  population  consisung  of  the  1960 
and  earlier  year-classes  was  estimated  by  the 
least  squares  method  for  the  period  1954-63 
and  extrapolated  to  1971.  This  iissumed  that 
no  recruiimeni  occurred  after  the  1960 
year-^ass  was  fully  recruited  and  that  recruit- 
menl  is  very  small  in  the  years  preceding  this. 
The  total  exploitable  population  was  then 
found  by  adding  on  the  percentages  in  the 
catches  of  the  appropriate  i^es  in  the  years 
from  1960  onward. 

The  catch  in  1  year  was  then  subtracted 
from  the  estimated  population  at  the  begin- 
ning of  that  year.  Natural  mortality  (at  4  %)  was 
applied  and  the  estimated  population  at  the 
beginning  of  the  following  year  was  subtracted 
to  give  the  estimated  number  of  recruits.  These 
recruits  were  allocated  to  their  parent  years  by 
an  avcra^'cd  composition  schedule.  The  sum  of 
the  recruits  derived  from  each  parent 
year-dass  was  then  expressed  as  a  percentage 
of  the  parent  total  exploitable  stock.  F'rom 
1957  to  1962/63  the  recruitment  rate  was  245 
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about  6  %  as  in  the  earlier  analyses,  but  in  the 
last  3  years  of  the  series  to  1966  there  was  a 
sharp  increase  to  10-15  %.  Hiis  jump  seems  to 
be  too  large  to  be  entirely  natural,  and  it  may 
be  that  really  there  has  been  a  more  gradual 
but  undetected  rise  in  the  recruitment  rate. 

The  overall  omidiision  firom  the  least 
squares  analyses  during  most  of  the  years  stud- 
ied is  of  a  gross  recruitment  rate  of  0.05-0.06. 
With  natural  mortahty  taken  as  0.04,  the  net 
recruitment  is  then  0.01-0.02.  This  deariy 
leads  to  lower  estimates  of  the  sustainable 
yield  thun  the  Japanese  method  and,  until  the 
Allen  (1973)  analysis,  lower  estimates  also  of 
the  current  population  size  by  extrapolation. 

However,  Alloi's  estimates  by  slightly 
differing  methods  are  very  variable  for  a 
Schaefer-type  analysis  (Allen,  1972)  gives 
much  higher  estimates  of  recruitment.  In  this 
the  potential  increases  in  the  population  were 
estimated  as  the  sum  of  catch  and  population 
change,  using  the  estimated  population  to 
provide  the  latter  parameter.  The  results  were 
smoothed  by  5-year  periods  to  reduce  fluctua- 
tions due  to  the  intcnsiu  of  whalinc.  The  re- 
suits  showed  that  the  net  recruitment  rate  re- 
nuuned  veiy  constant  over  a  large  part  of  the 
population  range  with  values  of  0.030-0.036.  It 
appeared  to  decline  rapidly  for  populations 
above  300  000-350  000,  which  is,  therefore,  the 
MSY  level  with  ayieid  of  about  10  000^12  000. 


TaUe  M  UMt  Sfnics  nediod  cstiraatM  oT  AMaictfe  la 
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1955 

1960 

1965 

1970 

Fiom  Allen.  1972 

11 

62.0 

38.5 

14.4 

16.4 

UI 

93.4 

66.6 

.3.'^.2 

.345 

IV 

22.4 

16,7 

8.2 

7.7 

V 

14.2 

12.1 

3.7 

2.9 

VI 

20.6 

9.6 

4.9 

9.6 

n-vi 

212j6 

143.6 

69.4 

71.1 

Total 

253.7 

159.4 

72.8 

66.4 

From  Allen, 
Total 

1973 

242.8 

148.8 

72.5 

85.4 

The  main  results  from  the  least  squares 
analyses  are  summarized  in  Table  14. 

CoBchisions 


The  IWC  Scientific  Committee  has  a- 

grced  on  a  current  population  estimate  of  about 
83  000-84  000  tor  the  Antarctic  fm  whale.  This 
is  based  largely  on  the  lowest  of  the  Japanese 
recruitment  model  estimates,  together  with 
analyses  by  the  least  squares  method  and  re- 
calculations due  to  Chapman  (Ohsumi  and 
Masaki,  1974).  The  Japanese  model  makes 
assumptions  about  changes  in  key  parameters 
which  have  not  yet  been  demonstrated  result- 
ing in  the  problem  of  the  recruitment  rate  dis- 
closed above. 

In  addition,  it  has  been  noted  (Interna- 
tional Whaling  Commission.  1975)  that  there 
have  been  sharp  but  errauc  declines  m  the  fm 
^ale  stock  indices  in  Areas  III  and  IV,  and 
also  a  sharp  decline  in  the  total  catch-per- 
unit-of-efFort  in  Area  V.  although  the  data  are 
inadequate  to  make  Hrm  inferences  regarding 
changes  in  stodc  size.  The  declines  in  Area  IV 
and  to  a  lesser  extent  in  Area  III  are  not  con- 
sistent with  the  Japanese  model  and  suggest 
the  need  to  revise  the  estimates. 

In  reviewing  the  available  estimates  for 
the  purpose  of  classifying  Southern  Hemis> 
phere  fin  whales  in  terms  of  the  IVVC's  new 
management  procedure,  Chapman  (1976) 
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drew  up  a  set  of  figures  for  each  of  the  6  statis- 
tical areas.  I  hc  estimated  original  population 
size  in  the  whole  Antarctic  of  400  000  was 
based  on  the  average  results  of  3  calculations 
by  Ohsumi  and  Masaki  (1974),  including  those 
shown  in  Table  13,  the  results  of  Allen  (1972), 
and  a  quite  separate  analysis  of  density  chang- 
es, catch  and  effort  data,  and  assumed  re- 
cruitment made  by  Jones  (1973).  This  total  was 
subdivided  into  the  separate  areas  according 
to  the  allocation  suggested  by  GuUand  (1974), 
based  on  the  total  catches  b,  based  on  the  total 
catches  by  areas  in  1931  68. 

The  current  population  sizes  were  taken 
from  a  synthesis  of  sightings  (Ohsumi  and 
Masaki»  1974)  and  catch  and  effort  data 


(Allen,  1972)  for  the  separate  areas  reviewed 
by  Fox  el  at.  (1974).  The  sum  of  the  area  fig- 
ures selected  by  Chapman  came  to  80  500  fm 
whales. 

The  VfSY  level  was  taken  as  227  000 
from  the  average  of  the  3  models  for  the  whole 
Antarctic  given  by  Ohsumi  and  Masaki  (1974) 
and  this  was  subdivided  into  areas  using  the 
Gulland  allocation.  The  total  estimated  MSY 
of  8  080  was  calculated  from  the  same  sources 
as  those  used  for  the  original  population  size 
and  subdivided  into  areas  using  the  propor- 
tions employed  for  the  current  population 
estimates. 

The  full  set  of  figures  developed  are 
shown  in  Table  IS. 
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Abatnui 

The  Antarctic  fisher\'  for  minke  whnles.  Bahiennptcni  acutorostrata,  is  a  newly  develo- 
ped enteq)rise  providing  link  information  on  which  firm  population  assessments  can  be 
based.  Catches  in  the  Antarctic  totalled  no  more  than  2  000  animals  up  to  1970/71,  while  in 
the  4  following  seasons  catches  were  3  054.  5  754.  7  713  and  7  000.  respectivcK 

Si/e  estimates  of  the  Antarctic  population  of  thi&  spcciesi  made  u)  the  earl)  seventies  and 
associated  population  models  and  figured  maximum  sustainable  yields  fMSY)  are  reviewed, 
with  assc^ments  ranging  from  m  initial  population  of  299  Onn  \\  iih  m  MS>' i^f  12  230  whales 
at  a  population  size  of  158  500  (53  percent  of  initial  level),  to  an  mitial  mature  population  of 
about  204  000  with  an  MSY  of  5  000  at  a  population  size  of  122  400.  Earlier,  much  smaller 
estimates  arc  also  given;  however,  none  of  the  assessments  made  up  to  197,1.  based  mainly  on 
sightings  data  and  employing  a  very  limited  range  of  relevant  biological  information,  can  be 
verified.  Another  assessment,  made  in  1975  under  the  new  management  policy  of  the  Inter- 
national Whaling  Comniission.  estimated  the  si/e  of  the  minke  whale  population  in  the 
Southern  Hemisphere  in  1971  (initial)  and  1975  at  139  700  and  122000,  respectively.  These 
estimates  may  be  too  low.  being  based  primarily  on  a  Japanese  analysts  of  the  number  of 
whales  in  Antarctic  .Area  IV  which  takes  inadequate  account  of  factors  affecting  catching 
effort,  it  is  also  possible  that  southern  minke  whales  were  increasing  in  number  when 
exploitation  of  them  began,  because  of  the  effects  of  earlier  reductions  of  larger  balaenopte- 
rids. 


La  chasse  au  petit  rorqual,  Mataenopicra  acutorostrata,  est  dans  I'Antarctique  une 
activity  riccntc  qui  n'a  apportc*  que  pcu  d'informaiions  snr  Icsquelles  on  puisse  fonder  des 
Evaluations  liablcs  dc  la  population.  Les  captures  rcalisoo  dans  I'.Antaictique  n'ont  pas 
pas  repr£senti  au  total  plus  de  2  (KX)animaux  jusqu'en  1970/71.  alors  qu'au  cours  des  quatre 
campagnes  suivantes,  les  captures  ont  ttk  respeclivemcnt  dc  3  054. 5  754,  7  713  et  7  000. 

L'auteur  passe  en  revue  les  estimations  de  la  population  antarctique  de  cetle  esp^ 
efTectuecs  au  d(^but  des  annics  70.  ainsi  que  les  moddes  de  population  correspondants  et  les 
chilTrcs  du  rendement  maximal  soutenu  (MSY).  Les  estimations  vont  d'une  population 
initiale  de  299  000  animaux  avec  un  MSY  de  12  230  pour  une  taille  de  population  de  158  500 
(S3  pour  cent  du  niveau  initial)  A  une  population  initiale  dc  quclque  204  000  animaux  matures 
avec  un  MSY  de  5  (KX)  pour  une  taille  de  population  de  122  400  animaux.  L'auteur  presente 
aussi  des  estimations  ant^rieures,  beaucoup  plus  faibles.  Cependant,  aucune  des  estimations 
faites  jusqu'en  1973,  fonde^es  surtout  sur  des  reptrages  i  vue  et  cmployant  une  gamme  trcs 
tifflitie  d'infonnations  bioiogiques  pertinoites.  ne  peut  £tre  v^hfi^c.  Une  autre  estimation,  249 
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efTcclut'e  en  1975  dans  le  cadre  de  la  nouvelle  politique  d'amenagement  de  I'lWC.  considtre 
que  la  taiUe  de  la  population  de  petiu  rorquals  de  rbimisphire  austral  en  1971  (iniiiale)  et  en 
1975  respectivemeat  de  139  TOO  et  122  000.  Ces  estimations  peuvent  fitre  trop  faibles,  car 
eUes  se  fondcnt  surtout  sur  une  analyse  japonaise  du  nombre  de  baleines  dans  la  zone 
antarctique  IV.  qui  ne  tient  passufiisammenicomptedes  facteurs  afTectant  rcffon  do  capture. 
U  est  aussi  possible  que  le  petit  rorqual  austral  ait  iti  en  augmentation  quand  son  exploitation 
a  dibut^  en  nison  de  I'efTet  des  riductions  antMeuics  des  grands  baleinoptiies. 

Extracto 

La  pesqiicria  dc  ballcna  cnrma  {Balaenoplera  acutoros(rata)  del  Aniariico  es  muv  rc- 
ciente,  y  se  dispone  de  poca  uilormaci6n  que  pueda  servir  de  base  para  evaluaciones  bien 
fiindadas  de  la  poblaci6n.  Hasta  1970/71  las  caplaras  en  el  Aniiitico  no  ascendian  a  miis  de 

2  000  animates,  micntras  en  las  cuatro  campaftas  siguientcs  se  capturaron,  lespectivamente. 

3  054,  5  754,  7  713  >  7  OOO  balknas. 

Se  examinan  las  estimadoncs  del  volamen  de  la  poblacidn  antArlica  de  esta  especte 
hcchas  a  prineipios  dc  los  afkOSSetcnta  v  Ir  ^  nuvlLlns  correspondicnlcs  dc  poblacion.  asi  como 
las  cifras  de  renduniento  nukximo  sostenible  (RMS).  Las  estimaciones  van  de  una  poblacion 
itticial  de  299000  ballenas,  con  un  RMS  de  12  230  animates  y  un  volomen  de  poblad6n  de 
158  500  (53  por  cicnto  del  nivel  inicial).  hasta  una  poblacion  madura  inicial  de  unos  204  (XX) 
ceticeos,  con  un  RMS  de  5  000  animaies  y  un  volumen  de  poblacidn  de  122  400.  Se  dan 
lambito  algunas  estimaciones  hechas  anterionnente,  todas  ellas  mucfio  menores.  Pen>  nin- 
gnna  de  las  evaluaciones  hechas  Ikisui  I '^'^3.  basada!i  principalmenie  en  datos  de  avisiamienlos 
y  en  inforniaci6n  biologica  mu\  limitada,  pueden  vcrificarse.  Otra  cvaluacion.  hccha  en  1975 
en  virtud  de  la  nueva  politica  de  ordenacidn  de  la  Coniisi6n  Ballenera  Internacional,  ha 
estimadu  cl  volumen  dc  la  poblacidn  de  ballena  enana  del  Hemisrcrio  Sur  en  1971  (inicial)  y 
1975  en  139  700  \  \22  000  cetaceos,  respeclivamente.  Qui?*'^  estimaciones  scan  dema* 
siado  bajas,ya  que  .vc  basan  ante  todo  en  un  analisis  japones  del  nunicro  de  ballenas  presentes 
en  d  Ana  IV  del  AniArtico.  en  el  que  no  se  liencn  Mificicnicmcnlc  en  cuenta  los  faclores  que 
influven  en  el  esfuerro  de  captura.  Es  lambitin  posibic  que  la  ballena  cnana  austral  esuivicra 
aumentando  en  numero  cuando  comenzo  su  explotacion,  como  consecuencia  de  la  rcduccion 
de  las  poblaciones  de  balcnoptiridos  de  mayor  talla. 
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where 


Caidics  of  nunke  whales  in  the  Antarctic 

totalled  no  more  than  2  000  animals  in  the 
seasons  up  to  1970/71.  In  the  4  following  sea- 
sons the  catches  were  of  3  054, 5  745, 7  713  and 
7000  nunke  whales  respectivdy  (Coounittee 
for  Whaling  Statistics,  1961-75). 

The  Antarctic  minke  whale  fishery  is 
thus  such  a  newly  developed  enterprise  that 
very  little  infomiati<m  has  heen  garnered  to 
date  on  which  firm  population  assessments 
can  be  based.  Whale  sighting  is  the  main 
method  by  which  the  population  size  has 
bem  estimated,  and  the  maximnm  sustainable 
yield  (MSY)  has  been  calculated  from  a  pop- 
ulation model  employing  a  verv  limited  range 
of  data  on  the  relevant  biological  parameters. 


FiMmatt*  of  popobtion  rfie 

Frelimimuy  esUmate 

The  first  attempt  to  estimate  the  minke 
whale  population  size  from  sightings  by  the 
Japanese  expedition  scouting  boats  in  the  An- 

tarctic  was  made  by  Ohsumi,  Masaki  and  Ka- 
wamura  (1970).  They  used  the  formula: 


N 
A 

n 

i 

L 


»  population  number 

size  of  area 
=  number  of  whales  Seen 
«  sighting  rate 
*  search  area 
-  scouting  distance 


N 


A  -n 
pSL 


The  search  area  was  taken  as  1 1.1  miles 
and  the  sighting  rate  0.344  at  a  finding  elTi- 
dency  of  0.7.  These  values  were  denved  fioni 
theoretical  considerations  by  Nasu  and  Shi- 
madzu  (1970),  based  on  sighting  data  specially 
collected  in  the  1966/67  season  by  research 
vessels  and  scouting  boats. 

The  coverage  of  the  Antarctic  zone  was 
ven,'  limited,  but  estimates  were  made  using 
the  formula  given  for  the  sectors  (10"  latitudi- 
nal zones  wi&n  areas)  shown  in  Table  1. 

From  these  admittedly  scanty  data  it  was 
suggested  that  the  population  size  in  Area  FV 
was  about  23  000,  Lliat  the  area  covered  con- 
tained some41  OOOminke  whales,  and  tiiat  tiie 
total  Antarctic  population  m^t  number 
about  70  000. 

Revised  estimates,  J  97 J  and  1972 

A  new  theoretical  model  for  converting 
sightings  into  population  estimates  was  devel- 
oped by  Doi  (1974).  The  main  difference  was 
in  c  ilculalmg  the  average  sighting  rate  (p),  to 
take  account  of  the  duration  of  dive  and  the 
visual  angle  of  observation.  Prom  new  data 
collected  in  the  1969/ 70 season, p  «-  OllUwas 
derived  for  minke  whales. 


Table  1.   Estimated  minke  whaie  population  sizes  from  sightings  in  (be  AnUrctk,  196S/66-I968/69  ( X  M-^) 


Zone/Area 

II 

III 

IV 

V 

VI 

I 

4(r-50S 

0.27 

0.93 

0.81 

0.22 

0.04 

7 

50  -60  S 

5J7 

11.41 

3.40 

as9 

7 

60"-70"S 

7 

7 

10.94 

6.61 

a7S 

7 

7tr-80°S 

7 

7 

7 

7 
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Ohsumi  and  Masaki  (MS)  used  this  new 
value  for  p.  and  an  estimate  of  the  sighting 
range  X,  =  4.9  miles  calculated  by  Doi  (1974) 
in  equation: 


n  •  A 


2pX,-L 


With  this  formula,  the  abundance  of 
minke  whales  was  calculated  by  season  and 
sector.  The  sighting  data  did  not  cover  the 
whole  region  soudi  of30*S,  in  particular  Area  I 
(I20"W-60"W)  was  not  sampled,  nor  three 
other  sectors.  There  were  also  large  seasonal 
variations  in  the  same  sectors.  Averaging  all 
the  resnlls  obtained  from  1966/67  to  1970/71 
gave  an  estimated  population  in  the  sectors 
sampled  of  127  OQO  mmke  whales.  Extrapola- 
tioA  to  the  unsampled  sectoo  on  the  basis  of 
average  densities  by  zones  gave  die  results 
shown  in  Table  2. 

The  extrapolated  total  was  217  000 
minke  whaks,  but  die  population  suggested 
for  Area  I  looks  rather  large  by  comparison 
with  the  relative  abundance  in  this  area  of  the 
larger  baleen  whales,  which  were  less  numer- 
ous here  than  dsewhere  in  the  Antarctic. 

The  following  year  the  actual  sightings 
estimate  was  revised  slightly  with  the  addition 
of  the  1971/72  observations.  The  new  popula- 
tion figure  for  Area  H-VI  was  150  000»  mainly 
due  to  the  addition  of  a  value  for  sector  III  B 
(Masaki,  1973). 


Area  III  estbnates 

The  Area  III  population  in  this  revised 
estimate  was  31  200  minke  whales.  Another 
estimate  for  this  area  was  provided  by  Best 
(1973,  1974).  He  compared  the  minke  and  fin 
whale  densities  ofTDtuttan  doived  fiom  catch- 
es and  aircraft  sightings  per  unit  of  effort 
from  1968  to  1971.  The  Area  III  fin  whale 
population  was  taken  from  Chapman  (1971), 
and  the  minke  whale  estimates  obtained  are 
diown  in  Table  3. 

Best  (1973)  also  used  sightings  data  from 
a  catcher  in  August  and  September  1971,  the 
peak  of  minke  whale  abundance  off  Durban, 
to  estimate  their  numbers.  Using  the  Doi 
(1974)  formula,  this  gave  a  figure  of  58  400 
minke  whales  for  sector  111  £,  which  may  re- 
presoit  most  of  the  mature  anknals  in  Area  III 
at  this  time  of  the  year. 

The  mean  of  all  these  estimates  is 
around  60  000,  which  suggests  that  the  Japa- 
nese figure  for  Area  III  and  perhaps  the  rest  of 
the  Antarctic,  may  be  too  low.  However,  the 
Table  3  Durban  estimate  depends  on  an  equal 
intensity  of  catching  and  sighting  effort  being 
applied  for  fin  and  minke  wmdes,  and  the 
minke/lin  ratio  has  increased  considerably  in 
the  four  seasons.  It  also  supposes  that  the  total 
abundance  of  the  whales  in  Area  III  is  pro- 
perly reflected  in  the  coastal  fisheiv  off  Dur- 
ban. Both  these  factors  add  a  note  of  caution  to 
the  conclusion  suggested. 


TaUe  2.   Sightii^  estimates  (and  extrapolatioDs)  of  minke  wiulcs,  1966/67-1970/71  ( X  It-)) 


Zone/Afca 

r 

n 

III 

IV 

v 

VI 

Total 

E(30  -40  S  ) 

(2.3) 

2.0 

3.7 

18 

1.3 

(1.9) 

9.8 

(14.0) 

Df4(l'-50"S) 

fl.9) 

1.0 

3.3 

2.2 

3.4 

0.2 

10.1 

(12.0) 

A(50f-6{rS) 

(9.3) 

3.8 

IIJ 

26.0 

4J 

2.1 

47.9 

(57.2) 

(28.8) 

(17.7) 

(27.8) 

34.3 

18.6 

6.6 

5Q.5 

(133,8) 

ToUl 

6.8 

18.8 

65.3 

27.5 

8.9 

127.3 

(4X3) 

(243) 

(46.6) 

653 

27.5 

(10.8) 

(217.0) 
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Table  3.  Ama  HI  minke  whale  csrimtircs  from  conpulSOII 
Kilh  fin  Mhale  abundance  ofT  Durban 


Minke/fin     Fin  pop.    Minke  pop. 
ratio       Area  HI     Area  III 


l%8 

294Q0 

4"  ii4ri 

siehimgs 

1.3 

3)%  2*)i) 

l%9 

catch 

0.7 

29600 

20  720 

sighting 

1.1 

32  560 

1970 

catch 

3.6 

29000 

104400 

3.1 

89900 

1971 

calch 

2.6 

29000 

><mh  tings 

3.2 

Avenge 

62  500 

Estimates  in  J973 

As  a  result  of  the  sightings  obtained 
in  the  1972/73  season^  which  covered  the  hig- 
hest latitudinal  7.onc  B.  60''-70''S  more  exten- 
sively than  before,  the  Japanese  cstimiUes  of 
minke  whale  abundance  were  dramatically 
increased  (CHisumi  and  Masaki,  1974),  as 
shown  in  Table  4. 

The  extrapolation  of  the  ver\  high  va- 
lues in  zone  B  to  the  unsampled  sectors  of 
Areas  I  and  II  increased  the  estimated  popu- 
lation si/c  from  a  figure  for  the  surveyed  sec- 
tors of  about  220  000  to  nearly  300  000  for  the 
whole  v^ioii  south  of  20rs.  Conrideriiig  the 


vep.  recent  catching  histor}'  of  this  species, 
these  figures  could  be  considered  as  repre- 
senting Uie  initial,  unexploited  population  size 
at  the  southern  minke  whales. 


Population  model  and  yield 

The  only  estimate  of  the  MSY  of  the 
southern  minke  whales  is  that  made  using  the 
model  proposed  by  Ohsumi  and  Masaki  (MS), 
based  on  the  fm  whale  model  developed  by 
Ohsumi  (1972)  and  using  the  minke  whale 
data  reported  by  Ohsumi,  Masaki  and  Kawa- 
mura(l97()). 

This  model  (Gambell,  1976)  assumed 
that  the  observed  values  of  age  at  recruitment 
(t,)  and  natural  mortality  (M)  will  decline  lin- 
early as  the  population  is  reduced.  The  value 
of  M  was  varied  from  0. 10  m  the  initial  stock  to 
an  assumed  figure  of  0.07  at  low  population 
levels.  The  recruitment  rate  (r)  is  the  same  as 
natural  mortaiily  in  the  initial  popii!:i!t' in  and 
was  calculated  with  a  pregnancy  laic  uicreas- 
ing  fh>m  0.70  to  0.9S  as  the  population  de- 
creased to  30  ^  and  then  falling  again  at  still 
lower  population  levels,  using  the  equation: 


Table  4.   Sightings  estim«l«»  (and  extrapolatioBSj  of  Antarctic  minke  whales,  1966/67-1972/73  ( X  10-^) 
Zoae/Aiea  i  11  HI  IV  V  VI 


D 
A 
B 


(1.3) 

0 

0 

(48.6) 


1.8 

1.0 
3  '^f 
(29.9) 


2.7 

4,0 
IM 


2.1 

2.5 
23.2 
43.4 


0.7 

2.6 
1.7 
20.2 


0 

2.0 
11.0 


7.3 
(8.6) 

10. 1 
42  2 
159.9 
(238.4) 


Total 


0 

(49.9) 


6.7 

(36JS) 


103.4 
103.4 


712 
71.2 


252 
2S.2 


13.0 
13.0 


219.3 
(299J) 
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The  age  at  recruitment  (t,)  was  varied 
between  7  and  4  years  with  dcchning  popula- 
tion size,  althou^  this  is  a  particularly  difH- 
cult  value  to  set  because  there  is  no  minimuni 
size  limit  for  the  species. 

With  these  parametei^,  the  natural  mor- 
tafitjrin  the  immature  whales  wascakulated  as 
decfining  from  0.172  to  0.140  with  decKasing 
peculation  size. 

The  model  with  these  parameters  indi- 
cates that  the  population  level  providing  the 
MSY  is  about  53  %  of  the  initial  population 
level,  and  the  MSY  is  about  4.1  %  of  the  initial 
population  size. 

Applying  these  proportioiis  to  an  initial 
population  of  299  000  minke  whales  gives  an 
MSY  of  12  230  whales  at  a  population  size  of 
158  500. 

Chapman  (MS)  thou^t  that  this  esti- 
mate of  MSY  was  much  too  laige.  He  argued 
that  the  Area  I  population  extrapolated  in 
Table  4  is  unrealistic  since  this  area  has  been 
veiy  unproductive  for  baleen  whales.  He  sug- 
getted,  on  the  assumption  that  90  %  of  the 
zone  B  population  and  50  %  in  the  other  /ones 
were  sexuially  mature,  that  the  mature  pop- 
ulstioD  might  be  about  204  000  animals. 

No  whale  species  has  been  shown  to 
have  a  net  recruitment  greater  than  4  %  at 
MSY  levels,  and  Chapman  suggested  that  the 
MSY  is  more  likd^  to  lie  asound  60  %  of  the 
initial  population  nze.  He  tfiefefoie  cakubited 
the  MSY  as: 

204000xa060x0.04~  5000  minke  whales. 


AwfiUMfta  b  1975 


Unlortunately,  our  knowledge  of  minke 
whale  biologgr  and  liitdy  cilal^;es  m  (he  basic 
parameters  are  so  sketchy  that  neither  of  the 
two  rather  arbitrary  assessments  above  can  be 
verified  at  present. 

Besides  the  fxtoblems  of  knowing  the 
tnie  calving  rate  (a  calf  eveiy  one  or  two 


years?),  there  have  heen  no  obser\'ahle  chang- 
es in  the  key  parameters.  It  is  not  even  certain 
that  they  wUl  change  in  response  to  a  reduction 
in  the  popubtion  size;  the  changes  may  al- 
ready have  occurred,  as  in  the  sei  whale, 
before  exploitation  (Gambell,  1975). 

The  initial  population  size  itself  is  still  in 
doubt,  and  has  only  been  assessed  by  the  oat 
method  of  sightings  analysis.  Whilst  it  is  pos- 
sible that  the  present  population  is  at  the  initial 
level,  it  could  also  be  greater,  through  occu- 
pation of  ihe  niche  previously  filled  by  a  now 
reduced  larger  baleen  whale  species. 

However,  the  adoption  by  the  IWC  of  its 
new  management  policy  m  1975  required  that 
the  southern  minke  whale  stocks  should  be 
assessed  and  classified  as  best  they  could  in 
order  to  properly  regulate  their  further  har- 
vesting. TO  this  end,  the  Scientific  Committee 
set  up  a  small  sub-committee  to  examine  the 
btest  evidence  (Best  et  aL,  1976). 


Area  IV  Analysis 

This  group  agreed  that  the  best  estimate 

of  exploitable  stock  size  was  that  for  Area  TV, 
which  had  been  derived  from  corrected  catch 
per  unit  effort  data  by  Ohsumi  (1976).  This 
was  a  preliminary  attempt  lo  take  into  account 
some  factors  which  make  the  use  of  crude 
catch  per  catcher  days  work  (CDW)  unreliable 
as  estimates  of  whale  density.  Using  data  from 
a  Japanese  expedition  whidi  caught  only 
minke  whales,  Ohsumi  suggested  that  catcher 
houre  work  (CHW)  was  a  more  reaUstic 
measure  of  effort.  1  he  daii^  catching  period 
varied  according  to  the  fteezmg  capacity  of  the 
expedition  and  other  operational  controls  re- 
sulting from  the  optimisation  of  the  product 
yield,  so  this  seems  a  reasonable  assuinption. 

Catching  dffidency,  especially  of  minke 
whales,  is  very  dependent  on  the  weather  con- 
ditions. Ohsumi  calculated  a  correction  for 
each  wind  force  based  on  the  catch  per  CHW. 
He  then  used  die  sum  of  the  corrections  times 
the  number  of  days  with  a  given  wind  force  as 
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a  proportion  of  the  number  of  days  in  each 
season  for  the  wind  correction  coefficient  in 
each  season. 

Because  the  abundanceofminke  whales 
varies  during  the  whaling  season,  reaching  a 
maximum  in  early  January,  the  timing  of  the 
catching  season  is  also  an  important  factor. 
Ohsimii  calculated  the  catch  per  CHW  for 
10-day  periods  in  the  1971/72  and  1972/73 
seasons,  and  used  the  relative  abundance 
indices  to  detennine  a  oonectioa  ooeffident 
for  each  whaling  season,  as  m  the  wind  cor- 
rection above. 

A  number  of  other  important  modifying 
factors  could  well  be  added  to  this  analysis. 
They  include  the  effect  of  virility  as  wdl  as 
wind  in  the  weather  correction:  the 
year-to-year  variabilis  of  the  migration  and 
abundance  patterns  m  the  seasoiial  timing 
correction;  the  latitude  of  the  catching  opera- 
tions depending  on  the  northward  extent  of 
the  pack-ice,  with  the  associated  mink.e  whale 
density  variations;  and  the  distribution  of 
catching  hours  during  the  whaling  season,  as- 
sociated with  the  seasonal  density  changes  of 
the  whales. 

Whilst  recognising  these  deficiencies, 
and  also  the  inadequacy  of  the  corrections 
calculated  on  the  basis  of  only  four  seasons' 
catches,  Ohsumi  estimated  the  population 
sizes  in  Area  IV  using  th^e  corrections  for 
comparison  with  the  results  employing  uncor- 
rected catch  per  CDW  effort  data.  The  initial 
population  size  was  calculated  using  Chap- 
man's (1974)  modification  of  the  DeLuiy 
(1947)  method.  This  takes  into  account  the 


known  catches  and  an  assumed  natural  mor- 
laUty  coefficient  (M)  of  0.125  from  Ohsumi 
and  Masaki  (197S).  The  latter  figure  is  an 
average  value  for  both  sexes  based  on  the  age 
composition  of  the  catches  in  1971/72  and 
1972/73,  as  determined  by  earplug  age 
readings  oi  males  and  femaks,  ana  ovarian 
corpora  counts  in  the  females.  The  later  pop- 
ulation sizes  were  calculated  in  two  ways  as: 

1)  N.  =  No-I/Io 

where 

Ni  =  population  size  in  ^ear  i 

N,      population  size  in  mitialyear 

Ii    SB  corrected  cpue*  in  year  i 

I«    "  corrected  cpue*  in  initial  year 

2)  N,  +  1  -  (N,  +  Oe-"  +  N.M 

where 

Ci  «  catchmyeari. 

The  coefficients  and  resulimg  popula- 
ticm  estimates  are  shown  m  Table  5. 

Extension  u>  the  Yfhtde  Antarctic 

The  average  sightings  indices  of  minke 
whales  in  the  six  Antarctic  areas  from  1965/66 
to  1974/75  (Masaki,  1976)  were  taken  by  the 
sub-committee  (Best  et  al.,  1976)  and  normal- 
ized relative  to  the  index  for  Area  IV.  It  was 
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Catch  EITori  Corr.  cocfT.  Pop.  (X  10-') 

Scnon 

Total  Japan  CDW  CHW  Wind  Season  (I)  (2) 


1971/72 

2  659 

2  659 

2SS 

2815 

0.705 

0.973 

23.7 

23.7 

1972/73 

4  559 

2091 

192 

2216 

a674 

1.025 

23.5 

21.5 

1973/74 

4  569 

2043 

2S2 

2948 

0.<96 

a993 

18.4 

17.9 

1974/75 

2231 

841 

225 

2100 

0J48 

0.910 

13.8 

14J 
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Area 

Relative 
index 

ExpkiitaUe 
Slock 

loilial  stock 
(1971) 

Current  stock 
(1975) 

MSY  level 
(60%) 

Ratio  1975: 
MSY  level 

1 

0.86 

204 

2a4 

18.1 

12.2 

1.48 

II 

1.42 

33.7 

33.7 

31.S 

20.2 

1.56 

III 

1.65 

39.1 

39.1 

36.1 

23.5 

1.54 

IV 

1.00 

23.7 

23.7 

14.0 

14.2 

0.99 

V 

032 

7.6 

13.S 

13.0 

8.1 

1.60 

VI 

022 

52 

9.3 

9J 

5.6 

1.66 

Total 

139.7 

122.0 

assumed  that  these  average  figures  applied  to 
the  mid  point  of  the  period,  which  is  the  start 
of  1971 .  Estimates  of  the  exploitable  stock  size 
in  the  other  areas  were  then  obtained  by  mul- 
tiplying the  nonnalized  index  for  each  by  the 
estimate  of  23.7  x  10'  for  Area  IV  (from  Oh- 
sumi,  1976,  .see  above)  The  results  are  shown 
in  Table  6,  but  it  appears  that  this  procedure 
imderestiiiiates  the  stodcs  in  Aieas  V  and  VI. 

Estimates  of  the  stock  sizes  in  Areas  I 
and  V  were  available  from  Soviet  sighting  data 
(Pokrovsky  and  Emelyanov,  1976),  of  96.5  and 
64.0  X  lO*  leapectively.  Unfortunately,  neither 
the  data  nor  the  precise  niethod  of  analysis 
used  in  this  work  were  specified,  although  it 
seems  likely  that  a  modified  form  of  the  Doi 
(1974)  model  was  used.  These  high  figures 
were  therefore  taken  as  indices  of  abundance, 
and  their  ratio  applied  to  the  previous  estimate 
for  Area  1,  giving  an  adjusted  estimate  for 
Area  V.  A  new  estimate  for  Area  VI  was  in 
turn  calculated  by  multiplying  the  adjusted 
estimate  for  Area  V  by  the  relaiivc  indices  for 
Areas  V  and  Vi.  The  final  figures  were  then 
taken  as  the  estimates  of  the  initial  stock  size, 
and  are  also  shown  in  Table  6. 


Lastly,  the  1975  slock  sizes  were  forward 

calculated  using  equation  (2)  above,  with 
M  =  0  125  Brazilian  catches  were  included 
with  those  from  Area  11,  and  Natal  catches 
with  those  from  Area  HI,  so  the  stock  figures 
shown  in  Table  6  represent  estimates  for  the 
whole  Southern  Hemisphere.  The  MSY  level 
was  assumed  to  be  60%  of  the  exploitable 
stock,  in  the  absence  of  firm  information. 

This  analysis  depends  very  heavily  on 
the  accuracy  of  the  original  assessment  of  the 
stock  in  Area  IV.  It  may  well  need  to  be  revised 
in  the  tight  of  new  effort  corrections  which 
lake  fuller  account  of  the  operating  factors  af- 
fecting the  catching  of  minke  whales.  Howe- 
ver, the  trend  of  such  revisions  is  likely  to  be  to 
inoease  the  estimates  of  stock  size,  so  that  the 
present  results  may  be  underestimates  of  the 
true  number  of  whales.  Another  important 
factor  which  may  modify  these  results  is  the 
probalnlity  that  the  southern  minke  whale 
stocks  were  not  in  equiUbrium  at  the  start  of 
exploitation  but  were  increasing  as  a  result  of 
the  reduction  of  the  blue  and  fm  whale  stocks, 
a  situation  comparable  to  that  of  the  southern 
sd  whales  (Gambell,  1976a). 
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Sperm  whales  show  marked  variation  in  several  morphological  characteristics,  such  as 
the  form  of  bifurcation  of  the  tail  lobes,  the  structure  of  the  first  finger  of  the  hand,  a  light  spot 
on  the  umbilicus,  the  number  and  insertion  of  the  sternal  ribs,  the  shape  of  the  spleen  and  the 
liver,  etc.  Bv  investigating  pregnant  Icmaics  caught  by  the  whaling  fleet,  it  was  obser\'ed  that 
ftir  various  of  these  features  there  was  a  rather  high  degree  of  occurrence  of  the  same 
characteristics  in  female  and  foetus.  This  suesestcd  a  cenctic  hd^x^  for  iIkm'  characlerisiK'. 
strengthened  the  hypothesis  that  these  characteristics  can  be  u.scd  to  distinguish  separate 
sperm  whale  populations. 

A  large  number  of  whales  from  the  western,  the  central  and  the  eastern  North  Pacific, 
and  from  the  southwestern  Pacific  was  investigated  for  the  occurrence  of  a  number  of 
characteristics,  and  a  table  is  given  of  the  percentage  occurrence  of  the  difTereni  types  of  form 
of  the  caudal  fin.  the  shape  of  the  percentage  occurrence  of  the  dilTerences  in  the  observed 
frequencies  indicate  the  existence  ol  separate  populations,  and  that  the  method  used  can  be  an 
important  tool  for  distinguishing  between  separate  populatiotts  of  the  same  whale  species. 
More  research  is  needed,  and  further  data  should  be  collected  not  only  on  Sperm  whales,  but 
also  on  baleen  whales.  This  requires  international  cooperation. 

lUmmi 

On  constate  diez  les  cachalots  des  variations  marquto  de  plusieuis  caractires  morpho- 

logiques,  tels  que  la  bifurcaiit)n  des  lobes  caudaux,  la  structure  du  premier  doipt  dc  la  m.iir, 
une  l^gire  tachc sur  rombilic,  Ic  numbrc  ci  rinM:riiun  des  vraies  c6tes,  la  ibrme  de  la  rate  ei  du 
foie,  etc.  Lots  de  travaux  portant  sur  les  fiemelles  enceintes  capturdes  par  la  flottille  baletntire. 
on  a  observe  que  pour  certains  de  ces  traits  Tapparitiiin  de  caractcres  identiques  se  retrouvait 
a  un  dcgrd  6lcv(  chcz  la  fcmcllc  cl  Ic  focius.  Ccia  laiv>aii  suppuscr  qu'ils  avaieni  une  onginc 
g^nitique.  tout  en  oonsolidant  l*hypoth^  selon  laquetle  lemlits  caractires  peuvent  servir  A 
dislinguer  ifivi  rscs  piipulations  de  cachaloLs. 

On  a  ciudi^  un  grand  nombre  dc  cachalots  provenuni  des  scctcurs  occidental,  central  et 
oriental  du  Padfique  nord,  ainsi  que  du  Padfique  sud-ouest,  pour  dfoeler  la  friquenoe  d'ulli 
certain  nombre  de  caractcres,  en  indiquant  dans  un  tableau  le  pourcentace  de  frequence  des 
diverses  formes  dc  la  nageoire  caudale  et  de  la  rale,  du  mode  de  pigmentation  et  d'autres  traits 
morphologiques  qui  se  retrouvent  dans  cbacun  des  secteurs.  On  a  oonclu  que  les  hearts  de 

frequence  observes  indiqucnt  I'existence  de  populations  dislinetes  el  que  la  methode  ulilisee 
pourrait  oonstituer  un  entire  important  pour  dislinguer  entre  des  populations  s^par^es  d'une  259 
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meme  espece  de  baleines.  II  faudra  poursuivrc  Ics  rcchcrchcs  ct  rccucillir  dc  ncnivclles 
donn^es  non  seulement  sur  les  cachalots,  mais  aussi  sur  les  mystic^tes.  Cela  suppose  une 
oooptouion  interaationale. 

Extraeto 

Los  cachaloles  prcsentan  difcrcncias  niarcudas  cn  algunas  caractcristicas  morfologicas, 
como  la  forma  dc  bifiircacion  de  ios  lobulos  dc  la  cola,  la  cstnictiira  del  pnmer  dcdo  de  la 
mano,  una  mancha  ciara  cn  cl  umbligo.  ci  niimcro  c  insertion  dc  las  ci).siillas  vcrdadcras.  la 
forma  del  bazo  y  el  higado,  etc.  Mediante  el  examen  de  hembras  preAadu  capturadas  per  las 
flotas  balleneras,  se  obsemS  que  algunos  de  esos  raseos  presentaban,  con  una  frecuencia 
bastante  elevada,  las  mistnas  caracleristicas  en  las  hembras  y  los  tetos.  Hsia  constatacion 
sugiri6  una  base  genitica  para  esos  caracteres  y  dio  fuerza  a  la  bipdtesis  de  que  esas  carac- 
teiisticas  podrian  iitili/arse  para  diferenriar  distintas  pohlacioncs  dc  cachalotes. 

Al  objeto  de  verificar  la  frecuencia  de  algunas  de  esas  caracleristicas  se  procedio  a 
examinar  gran  nOmero  de  cachalotes  del  Padfico  Norte  (oeste,  centra  y  este)  y  del  Padfico 
Sudoccidcnlal.  En  un  cuadro  se  miicstra  el  porcentaje  de  frccucncias  dc  las  diferentc  .  fi  irnias 
de  aleta  caudal,  configuracion  del  bazo,  pigmentacido  y  olrc^  rasgos  morfoldgicos  en  cada  una 
de  esas  zonas  marftimas.  Se  llega  a  la  oonchisiftn  de  que  las  diferendas  en  las  frecuendas 
observadas  rndkan  la  cxistencia  de  poblaciones  distintas,  y  de  que  el  m^todo  utilizado  puede 
oonstituir  un  instrumento  importante  para  diferenciar  poblaciones  distintas  de  la  misma 
espede  de  cachalote.  Hace  falta  mis  investigation,  y  deber&n  rtxogcrsc  nucvos  dates  no 
solamente  sobre  los  cachalotes  sino  tambite  de  las  ballenas  de  barbas.  Para  ello  se  requiere 
ooopeiadidii  intemadmiaL 
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Identificatioii  <^  the  populations  of  ex- 
ploited animals  permits  different  types  of 
theoretical  research  and  the  resolution  of  prob- 
lems caused  by  man's  activity  in  a  strictly 
scientific  way.  It  seems  that  the  seventies  will 
see  the  end  of  larce-scale  and  irrational  whal- 
ing.  It  is  now  very  important  to  preserve  the 
largest  possible  populations  of  whales,  and  to 
make  every  effort  to  prevent  the  disappear^ 
anoe  of  some  populations. 

To  do  this  we  need  to  know  both  popu- 
lation structure  and  numbers.  In  the  last  years 
of  whaling,  the  catch  quotas  for  killing  should 
not  be  set  bv  area  or  section'  but  according  to 
the  place  of  occurrence  of  discrete  breeding 
populations.  Much  research  is  needed  into 
population  identity,  if  possible,  necessaiy  and 
practical  ways  of  managing  whaling  on  a  Strict 
scientiiic  basis  are  to  be  found. 

It  is  generally  impracticable  to  cany  out 
genetic  population  research  for  large, 
long-lived  wild  animals,  and  particularly  for 
whales.  All  feasible  methods  have  therefore  to 
be  used. 

Lately  it  has  been  shown  that  one  of  the 
most  reliable  and  exact  methods  of  population 
investigation  based  on  genetic  (phenetic) 
principles  is  the  study  of  qualificative  and 
quantitative  variability  of  morphological  fea- 
tures (Yablokov.  1966;  Shvarts,  Smimov  and 
Dobrynsky,  1968;  Timofeev-Ressovsky,  Ya- 
bklcov  and  Glotov,  1973,  and  others). 


Use  of  mofpholosical  features 

Although  variability  occurs  between 
individuals  of  the  same  population,  it  may  also 


'  Currently,  quotas  for  species  are  set  bv  geographical 
area.s;  it  is  not  known,  however,  wbetbcr  the  wnaites  oocwring 
ID  eacb  area  ail  belong  to  one  discrete  popiiUtM». 


be  used  to  distinguish  between  popiilatitms 
(Simp.son,  1948;  Yablokov,  1966).  All  features 
and  properties  of  animals  are  subject  to  varia- 
tion (Shvarts,  1974).  Data  have  been  accumu- 
lated on  morphological  variations  in  whales 
smcc  the  end  of  the  19th  century,  but  referred 
only  to  variation  within  the  species  and  did  not 
focus  on  identifying  discrete  populations.  One 
may  cite,  for  example,  the  discover)'  of  differ- 
ent numbers  of  vertebrae  in  spine  sections  of 
different  individuals  and  other  meristic  varia- 
tions in  whales*  skeletons  (Flower,  1867;  Bed- 
dard.  1900).  or  the  two  forms  of  sternum 
structure  which  were  tbund  to  occur  in  the 
white  whale,  Delphinapterm  kueas  (Smim«iv, 
I93S).  Some  papers  bring  together  similar  data 
showing  clearly  the  variability  of  features 
(Kiemenberg,  1956;  Yablokov,  1964;  Berzin, 
1971).  Using  all  collected  data,  Yablokov 
(1964)  wa.s  able  to  extend  Smimov's  work  of 
1935  and  show  that  there  were  13  types  of 
sternum  structure  in  the  white  whale.  The  wide 
variability  in  pigmentation  is  a  good  subject  of 
study  for  population  identification  -  see  Ya- 
blokov ( 1966)  and  his  analysis  of  its  variation 
in  dolphins  (Deiphinus  delphis)  and  killer 
whales  (Orcinus  orca\  Naturally,  diese  data 
alone  are  not  sufficient  to  say  that  qualificative 
characteristics  of  groups  of  cetaceans  are  dif- 
ferent. 

Yabk^ov  (1966)  summarized  different 

kinds  of  variability  and  established  theoretical 
bases  and  principles  for  selecting  features. 
Investigations  by  Lounde  (1951,  in  Ivashin, 
1969)  could  be  related  to  morphological  stud- 
ies of  populations:  using  iodine  content  indi- 
ces in  whale  oil  he  distinguished  different 
areas  inhabited  by  separate  groups  of  whales' 
in  Antarctic  waters;  similar  investigations  by 
Fujino  (196.1)  showed  the  differences  in  the 
blood  compo:>iiion  of  sperm  whales  inhabiting 
Japanese  coastal  waters  and  waters  off  the 
Aleutians. 


"  While  there  is  clearly  a  possibililv  of  distinguishing 
between  whale  population.s  in  this  way,  it  ts  also  possible  that 
dinerences  in  this  Tealure  may  be  caused  by  abiotic  factors 

whkh  can  overlap  whatever  differeal  whale  popiiiations  exist.  261 
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Of  prime  importance  in  population  re- 
search was  the  proof  that  the  polymorphic 
features  of  the  white  whale  flipper  depended 
on  Knetk  facton  (Bel*kovich  and  Yablokov, 
1965).  Various  anatomical  difTerences  in  the 
fingers  of  these  animals  determined  the  differ- 
ence between  northern  and  southern  popula- 
tknu  in  the  Sea  of  Okhotsk  (Yabkikov,  1966). 


Large  whale  populatioD  divisioiis 


Large  whales  were  divided  into  sub-spe- 
des  between  Noithem  and  Southern  Hemi- 
spheres, generalty  on  the  basis  of  differences  in 

the  size  structure  of  the  catches.  This  division 
was  later  conlirmed  by  morphological  features 
(Beizin,  1971;  Kuzmm,  1972).  Southern  He- 
misphere whale  species  were  divided  into  pop- 
ulations by  doubtful  methods:  differences  in 
age  at  maturity,  duration  of  pregnancy,  lacta- 
tion and  even  milk  fat  oontenr.  Population 
investigations  of  morphological  variability  in 
sperm  whale  teeth  dentine  layers  in  different 
areas  of  the  Southern  Hemisphere  were  made 
by  Klevezal  and  Tormosov  (1971):  Clafke, 
Aguayo  and  Paliza  ( 1 968),  and  Veinger  (1974) 
did  it  on  the  basis  of  the  frequency  of  distin- 
guished colour  types  of  these  whales. 

While  determining  the  mam  problems  m 
cetacean  study,  we  have  summarized  the  re- 
sults of  population  study  anti  have  drawn  the 
attention  of  scientists  to  ihc  niorphopopula- 
tion  method  of  whale  study;  we  also  suggested 
for  uniformity  of  terminology  using  the  term 
"population"  instead  of  "stock"  when  deahng 
with  large  independent  structural  groups  of 
whales  (Beizm,  1974). 

To  summarize  our  current  knowledge  of 
Pacific  sperm  whale  populations:  in  the  North 
Pacific  3  populations  are  suggested  (western, 
central  and  eastemX  and  2  others  are  suggest- 


'  See  feotnoie  Na  1. 


ed  in  the  warm  ocean  areas  -  Fiji  and  the 
Galapagos  Islands  (Berzin,  1974).  The  most 
recent  data  allows  us  to  distinguish  one  more 
population  -  the  central  South  Pacific  There 
is  no  doubt  that  some  2  or  3  populations  exut 
in  the  South  Pacific. 

Even  for  North  Pacific  sperm  whales, 
however,  the  information  is  limited,  partly 
contradictory  and  the  area  boundaries  are 
tentative.  Summer  intermixins.  rate  of  isola- 
timi  and  therefore  the  rate  of  exchange  of  ge- 
netic information  are  not  at  all  dear.  There  is 
still  less  information  on  sperm  whale  popula- 
tions in  the  South  Pacific. 


Ana^yals  of  whak  population  structure 


Fig.  1  shows  the  sub-species  and  the 

principal  theoretical  inter-  and  intra-popula- 
tion  relationships,  illustrating  the  different 
rates  of  exchange  of  genetic  miits  and  genedc 
information  for  whales  in  general,  and  in  par- 
ticular for  whales  of  the  Pacific,  including 

sperm  whales. 
Famify 

The  smallest  unit  is  the  family,  more 

clearly  defined  in  the  monogamous  baleen 
whales,  where  it  consists  of  2  to  3  animals 
(male  and  female,  or  male,  Icmaie  and  calf)-  In 
die  polygamous  sperm  whales  this  is  less  clear 
-  family  groups  consist  of  4  to  10  animals  or 
more:  in  addition  there  are  more  classes  of 
sexually  mature  anunals.  In  Fig.  1  all  ^pes  of 
grouping  have  been  reduced  to  family  or  male 
groups. 

Populations 

In  the  feeding  areas  these  groups  form 
larger  aggregations  in  which  the  genetic  rela- 
tionships between  individuals  are  dose.  These 
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^.nRTH^^  SUBSPECIES 


BIO  —  GEOGRAPHICAL  ISOLATION 


4-5  POPULATIONS  OF  SOUTHERN  SUBSPECIES 


MALE  CLASSIFICATIONS 


FAMILY  GROUPS 


\DIFFERENT  LEVELS  OF  GENETIC 
INFORMATION  EXCHANGE 


Fig.  1.  -  Theoretical  scheme  oTsubtpeeietrelatkMtthipsofspennvi^ales  or  the  Pad^^ 


263 


Oupyiiyliieo  iriaienal 


A.A.  BF.RZIN  &  CM  VEINGF.R 


aggregations,  however,  are  not  permanent  and 
only  occupy  a  given  biocenoses  in  one  or  other 
limited  area  in  one  or  other  season.  A  popula- 
tion is  made  up  of  several  such  groups  and 
within  it  genetic  exchange  is  wide  because 
there  arc  no  barriers. 

Between  populations,  however,  isolation 
occurs,  although  no  visible  barriers  exist  be- 
tween them.  (In  theory,  the  relative  homoge- 
neity of  the  marine  environment,  its  absence  of 
physical  barriers,  the  adaptability  and  ho- 
meothermic  nature  of  whales  all  create  un- 
limited opportunities  for  intermingling.) 

Isolation  mechanisms 

Sub-species  of  all  whales  living  in  differ- 
ent hemispheres  are  isolated  by  the  half-year 
difference  in  seasons  caused  by  geographical 
factors.  This  we  have  called  a  bio-geographical 
isolation.  It  causes  the  appearance  of  stable 
morpho-physiological  differences,  which 
should  follow  the  *75  %'  rule.  This  rule  states 
that  75  %  of  individuals  in  the  group  (popu- 
tion)  must  differ  by  one  or  more  features  from 
all  individuals  of  other  groups  (Mair,  1974; 
Timofeev-Ressovsky,  Yablokov  and  Glotov, 
1973). 

Breeding-area  conservatism,  seen  in 
highly  migratory  species,  is  a  cause  of  the  exis- 
tence of  separate  populations  of  whales.  Most 
of  the  population  returns  to  the  same  breeding 
grounds  (Naumov,  1963;  Rovnin,  1970). 

Within  a  sub-species,  many  kinds  of 
i.solating  mechanisms  exist,  which  prevent 
complete  mixing  between  members  of  the 
sub-species  and  cause  morpho-physiological 
differences  to  evolve. 


Method  of  work 


The  first  stage  of  investigation  into  pop- 
ulation morphology  is  the  examination  of  the 
264    variability  of  features  within  a  species,  which 


Yablokov  (1968)  has  described  as  "study  of 
intra-population  variability".  The  second 
stage  is  the  identification  of  those  features 
which  may  serve  to  distinguish  populations 
and  which  can  be  precisely  and  objectively 
described.  The  selected  characters  should  if 
possible  conform  with  the  criteria  of  the  con- 
cept of  the  "pheno-elementary  discrete"  feat- 
ures (see  Timofeev-Ressovsky,  Yablokov  and 
Glotov,  1973).  The  final  stage  is  the  collection 
of  data  and  the  investigation  of  the  frequency 
distribution  of  the  features  identified  and  the 
determination  of  the  level  of  interpopulation 
differences  by  various  methods. 

Type  of  feature  used 

In  recent  years  much  information  has 
been  collected  on  the  variability  of  morpholog- 
ical features  in  large  whales,  especially  sperm 
whales,  and  thus  it  was  easy  to  determine  both 
interior  and  exterior  morphological  features 
exhibiting  variation  (Clarke,  Aguayo  and  Pa- 
liza,  1968;  Bcrzin.  1971;  Klevezal  and  Tormo- 
sov,  1971;  Urmanov  and  Kuzmin,  1973; 
Veinger,  1974;  Lagerev,  1975,  etc.).  Twenty 
features  were  identified.  Some  were  clear,  easy 
to  determine  and  di.scrctc,  such  as:  the  form  of 
bifurcation  on  the  tail  lobe  (Table  2),  the  pres- 
ence of  a  white  (light)  spot  on  the  umbilicus, 
the  structure  of  the  first  finger  (Fig.  2),  etc. 
Others  dealt  with  sternal  ribs  (Fig.  3),  form  of 
spleen,  liver  (Fig.  4),  etc.  Meristic  features 
were  also  used  -  number  of  vertebrae  ribs, 
etc.  (Table  2).  Those  features  showing  a  large 
number  of  variations  were  less  suitable  than 


Fui.  1.  l'i>l\morphi!>m  in  ihc  htruciurc  of  (he  fml  di^it  ol 
sperm  whale  hund. 
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l  lG.  3.  -  Number  and  paucrn  ol  amnexion  lo  sternum  of 
sternal  ribs  of  sperin  whiles. 


lliosc  wiih  lcs.s  variables,  both  for  the  collec- 
tion and  the  analysis  of  the  information. 

It  is  most  important  to  check  at  all  stages 
of  research,  particularly  al  the  begmning. 
whether  the  features  arc  genetically  inherited 
(which  can  only  be  done  through  the  female 
line.  Bclwecn  24  and  50  mothcr-cmhr\o  pairs 
were  examined  and  il  was  found  that  9  fea- 
tures were  reproduced  from  the  female  to  the 
embryo  in  between  30  and  100  %  of  the  ob- 
servations (average  62  %  -  sec  Table  I). 

Features  of  age,  such  as  number  of  teeth, 
degree  of  grinding  down  in  upper  and  lower 
Jaws,  and  a  number  of  features  of  the  interior 
morphology  of  large  whales  were  not  induded. 

Collection  of  data 

A  special  card  used  by  factory  ships  fa- 
cilitated the  collection  of  data  as  whales  were 
beiiu"  pr.  tcessed.  It  was  used  in  all  regions  but 
material  from  the  southern  North  Pacific  po- 
pulations was  processed  lirst;  it  probably  came 
from  breeding  areas,  i.e.,  the  centre  of  the 
areas,  since  mmples  from  the  peripheiy  of  the 
areas  where  superposition  might  have  occur- 
red were  excluded.  We  have  reason  to  suppose 
that  our  samples  came  fiKnn  "pure"  popula- 
tions. 


Flo.  4.  -  T^pes  of  sperm  whale  liver  forms. 


TaUe  1.  The  Inhcritniec  of  im 

MpholoKica 

1  sivis 

Morphological  signs 

Pairs 
observed 

Rcscmbluncc 
Pairs  % 

Form  of  caudal  fin 

49 

27 

SS.I 

Number  i  i  papillae  on  caudal 

fin 
Im 

17 

34.6 

He;Hl  piiinuTitjiiiin 
b)  simpliiicd  s<:hcme 
oy  Gompiicaica  scnemc 

49 
In 

48 
12 

97.9 
50.0 

Body  pigmcnialiont 
by  simplified  scheme 
i>v  compiicaico  scneme 

SO 

•II 

SO 
23 

100.0 
56.0 

Dark  sputN  on  pal.itc 

47 

27 

57,4 

iexture  ol  ihc  skin; 
by  simplified  i>cheme 
in  detailed  analysis 

SO 
42 

50 
2S 

100.0 
59.2 

Lateral  split  of  head 

38 

22 

S7.9 

Jaw  wrinkles 

SO 

IS 

30.0 

Form  of  the  spleen 

6 

3 

50.0 

Methodological  defects  revealed  while 
processing  the  1974  materials  reduced  the 

number  of  usable  features  to  6,  but  even  that 
confirmed  our  suggestion  th<ii  there  are  local 
populations  of  sperm  whales  in  the  North  Pa- 
cific (Berzin,  Isakov,  Lagerev,  1975). 

Analyms  o/*  data 

In  1975  in  the  North  Pacific  data  were 
collected  from  more  than  2  200  sperm  whales 
and  analyses  were  made  on  more  than  12 
features.  Altogether  in  the  North  Pacific  pop- 
ulation data  were  collected  from  3  tXX)  sperm 
whales.  1  200  sperm  whales  were  studied  in  the 
South  Pacific,  for  a  lesser  number  of  features, 
however. 

Recognition  of  the  occurrence  of  many 
identical  features  by  year  in  certain  regions 
was  important  from  the  point  of  view  of 
methods.  265 
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The  analysis  of  the  frequency  of  occur- 
rence of  some  features  illustrates  clearly  the 
morphological  dillcrences  between  popula- 
tknis.  In  other  features  these  dilTerence  do  not 
show  so  clearly  (Table  2).  The  greatest  diflfer- 
ences.  as  one  would  expect  on  theoretical 
grounds,  are  found  between  populations  that 
are  remotest  from  each  other  -  western  and 
eastern  -  in  the  following  features:  numbers 
of  papillae  on  the  caudal  peduncle,  pigmenta- 
tion of  the  body,  texture  of  the  skin,  shape  of 
spleen  and  frequency  of  damage  to  ihe  caudal 
fin.  This  latter  (traumatic)  feature,  though  not 
genetically  determined,  is  reliable  enough  and 
is  used  as  a  criterion  for  belonging  to  a  popu- 
lation (Timofeev-Ressovsky,  Yabldcov  and 
Glotov.  1973:  Mair.  1974).  The  occurrence  of 
these  differences  shows  the  different  condi- 
tions under  which  the  populations  live  and 
their  lade  of  mixing. 

The  great  atmilarily  in  frequency  of  oo- 


currence  of  morphological  indices  of  sperm 
whales  of  the  western  population  in  the 
Northern  Pacific  and  the  southwest  areas  of 
the  South  Pacifrc  is  <^ great  interest. 

We  found  one  result  interesting:  to  avoid 
error  when  assigning  North  Pacific  sperm 
whales  occurring  between  i60"E  and  i70"E  to 
one  area  or  anouer  where  western  and  central 
populations  meet,  they  were  analysed  sepa- 
rately (over  400  individuals).  The  frequency 
of  occurrence  of  most  features  showed  that 
whales  of  this  area  were  identical  to  die  we- 
stern population.  This,  we  believe,  confirms 
the  el  tectiveness  of  our  method  for  determin- 
ing which  populations  sperm  whales  belong  to. 

PrcMems  of  sample 

Table  2  shows  that  data  on  different  pop- 
ulatitms  are  not  identical  For  instance,  1 092 


TkHc  2.  Fre^uwcy  at  ■wptotogicri  ftalwai  in  dWfcut  ipaiai  whih  popiistkms 


Form  or  caudal  fin 

Types  of  form  of  spleen 

Damage 

BoJs  pis;- 

Population 

of 
caudal 
fin 

n 

n 

meiii.iiioii 
(wilhoui 
spots) 

n  ft 

ft        ft  ft 

ft        ft  ft 

n  ft 

WeMcrn  N  I'.icinc  I'M)  60  3 

C  crur.il  \,  I'aulk  205  70.2 

Eastern  N.  Pacific  685  20J 

S4nith\Kcstern  P.icific 


52.6 

MA 

38.1 

72 

43.2 

10.8 

45.9 

113 

680 

3fi  9 

10.7 

52.2 

479 

m 

3  5 

32.2 

22.2 

48.1 

18.1 

824 

2.7 

27.4 

53.1 

13.3 

246 

4.2 

33.4 

49.1 

7.9 

685 

7.2 

1  (Kn 

16  6 

Populatioo 


Head 
pigmen- 

taiion 
(without 

spois) 


Lack  of 
dark 
spots 
on 

palate 


No.  of 
papillae 
on  caudal 

fin 
(average) 


No.  ol  jaw  Lateral 
wrinkles      splits  on 
head 

(average)  • 


Sttuxuh       Lumbar  No.  of 

surt'accof    vertebrae  sternal  ribs 
body 

(average)  (average) 


% 


Western  N.  Pacific  843  6.4  704  8.4  838  3.00  846  2.42  143  44.1  7>,h  :»  657  9.09  (--^y  vS(. 
Central  N.  PadTic  274  15.3  263  119  257  3.26  262  3.23  200  46.5  263  20.9  110  8.90  224  4.04 
Eastern  N.Padfie        687    \1M   649   22.9   683   4.90   676   3.09   642   42.1    689    19.0   409   8.90   346  4.00 
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Sperm  whales  in  the  western  population  and 
441  in  the  central  population  ol  the  North  Pa- 
cific were  investigated,  in  order  to  check  the 
remits  obtained  from  unequal  samples,  the 
larger  sample  was  divided  into  smaller  ones  of 
approximately  the  same  size  as  the  smaller 
sample,  and  the  frequency  of  the  varioui>  lea- 
ture  types  in  the  sub-samples  was  calculated. 
Comparison  of  the  results  has  shown  that  the 
variations  of  the  indices  of  these  sub-groups 
from  the  mean  indices  of  the  total  sample  are 
insignificant,  and  are  much  less  than  the  dif- 
ferences between  the  two  samples. 


Madienatical  proceaslng 


There  are  two  uses  for  mathematical 

processing  of  data:  elaboration  of  a  pro- 
gramme for  the  construction  of  a  logical  model 
for  diagnosmg  sperm  whale  populations  on 
electronic  computers,  and  the  determination 
of  the  populations  to  which  sperm  whales  from 
two  regions  of  whaUng  belong.  The  Diagnostic 
Laboratory  of  the  Institute  of  Automatics  and 
Processes  of  Control  of  the  Far  Eastern  Sden- 
tific  Centre,  Academy  of  Sciences,  USSR  has 
started  this  work. 

Fifteen  morphological  features  were  put 
into  tables  for  mathematical  processing.  In 
working  out  the  programme  they  were  reduc- 
ed to  9,  other  features  being  discarded  because 
they  occurred  only  m  some  sperm  whales.  Of 
773  cards  (thus  773  lines)  in  the  analysis  tables 
only  those  which  had  a  full  set  of  9  signs  were 
used.  Using  accepted  methods  of  analysis  of  a 
complex  of  features,  it  was  shown  that  80  %  of 
the  spem  whales  will  be  assigned  to  the  cor- 
rect population. 


Future  needs 


More    thorough  popuhition-genetic 

(phcnetic)  investigations,  using  a  wider  spec- 
trum of  features  (phenes)  accordmg  to  differ- 
ent forms  of  variability,  further  accumulation 
of  data  u«ng  evaluation  of  the  distribution  of 
the  variable  characters  and  the  modification 
and  use  of  other  methods  will  help  to  clarify 
the  main  population  parameters. 

It  is  necessaiy  to  ejctend  investigations  of 
the  intra-species  variabilitv  of  features  and  to 
start  accumulation  of  similar  data  on  baleen 
whales. 

During  these  present  years  <^  intendve 

whaling  it  is  especially  necessary  to  unite  and 
concentrate  all  the  efforts  of  biologists  in  dif- 
ferent fields  and  countries  on  developing 
coordinated  methods  of  choonng  the  same 
features  for  the  collection  of  compatible  data 
from  different  areas,  and  on  the  investigation 
of  baleen  whale  and  sperm  whale  population 
identity  from  many  d^eteat  areas.  It  is  aho 
necessaPv  t(^  use  simple,  uniform  and  clearly 
defined  terminology,  especially  for  sub-speci- 
fic divisions. 
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REVIEW  OF  BALAl  NOPTERIDS 
IN  1  HE  NORI  H  Ai  LANTIC  OCEAN 


CJ.  R0RVIK  and  A.  JonsgArd 


Abslnet 

Present  knowledieofthe  geographic  ranges,  stock  identity,  migration  and  abundance  of 

halacnopteridv  in  the  Ncirth  Atlantic  Ocean  and  the  meifirjs  Tor  detenninint:  ihcm  arc 
reviewed.  Mosl  research  lo  date  has  been  centred  upon  ihc  I'm  whale.  Balaenoptera physalus, 
indicating  that  the  population  may  be  divided  into  6  independent  groups:  (1)  Arctic  eastern 
North  Atlanlic  arui  off  north  Norway,  migrating  northuard  and  Mtuthuard  seasona!I\ 
through  the  Denmarlc  Strait;  (2)  off  east  Greenland  and  west  Iceland;  (3)  otT  western  Norway 
and  the  Faroes;  f4)  ofT  the  Scottish  islands,  migrating  seasonally  to  the  coasts  of  Spain  and 
Portugal:  (.'^)on"wesi  Greenland,  and  (6)  Northwest  Atlantic  ofTNova  Scotia.  Newfoundland 
and  Labrador,  perhaps  composed  of  2  or  more  slocks.  Blue  whales,  B.  muscuhis.  on  each  side 
of  the  North  Atlantic  seem  to  be  composed  of  several  stodcs  with  migration  possibly  taking 
place  between  the  eastern  and  western  sides  in  high  northern  latitudes.  Population  estimates 
hv  area  arc  v\\  cn  for  both  species  I  itile  information  is  available  on  the  identity  and  si/e  of 
sit>ck.s  of  sei  whales,  D.  borealis,  and  minke  whales,  B.  aculorasiraia,  in  the  North  Atlantic, 
though  a  recent  estimate  for  minke  whale  populations  is  given,  along  with  a  tentative  division 
into  stocks. 

The  exploitation  of  balaenuptcnds  in  the  North  Atlantic  is  presently  limited  to  one 
Icelandic  whaling  station,  3  shore  stations  in  Spain  and  annual  catdies  of  a  few  fin,  sei  and 
minke  whales  by  aborigines  in  west  Circenland  (current  lo  l<>''4v  I'cl  ij  iL  wh.iling  for  baleen 
whales  in  the  Atlantic  and  its  dependent  waters  north  of  40  S  lias  been  lorbidden  under 
international  convention  since  1^7;  blue  whales  have  been  completely  protected  under 
ioiemational  convention  since  I960. 

Les  auteurs  font  le  point  des  connaissances  sur  le  domaine  geographique,  I'identitc  des 
stocks,  les  migrations  et  I'abondance  des  baleinopt^s  de  TAttantique  nord  et  dfcrivent  les 

melhodes  uiili>-ces  [lour  dclcriiiiner  ces  facteurs,  Juscju'ici,  les  recherche^  out  MitKun  porle  sur 

le  rorqual  commun.  Balaenopiera physalus.  EUes  oni  fait  appata'itrc  que  la  population  pcut  se 
diviser  en  six  groupes  independants:  ( I )  secteur  arctique  de  I'Atlantique  nord-est  et  nord  de  la 

Norvege.  avec  migration  saisonniire  vers  le  nord  et  vers  le  sud  i  travers  le  dcMroit  du 
Danemark:  (2)  eaux  du  Greenland  oriental  et  de  Tlslande  occidentale;  (3)eaux  de  la  Norvege 
occidenialc  ct  des  F^rocS;  (4)  eaux  des  iles  6cos.sai<!es  avec  migrations  saisonniires  vers  les 
oOtes  de  TEspagne  et  du  Portugal:  (5)  eaux  du  GroeaUtnd  (Kcidcntal:  (6)  Atlantique 
nord-ouest.  an  large  de  la  Nouvelle-Ecnssc.  de  Terre-Neuve  et  du  Labrador,  avec  peut-^tre 
deu.x  ou  plu.sieun>  stocks.  Les  populations  de  balcines  blcuc!>,  B.  musculus,  rcnconirt^cs  de  part 
et  d'autre  de  I'Atlantique  nord  paraissent  coroprendre  plusieurs  stocks.  11  y  a  peut-6ire  des  269 
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migrations  enirc  le  sccicur  csi  ct  Ic  sccicur  ouest  aux  hauies  latitudes  borteles.  Les  auievrs 
donnent  des  eslimations  de  population  venlilees  par  zone  gtographique  pour  chacune  de  ces 
deux  cspeccs.  On  poss^dc  peu  dc  donnees  sur  I'idenlite  et  la  taille  des  stocks  de  rorquals  dc 
Rudolf.  B.  boreatis  et  de  pctits  rorquals  B.  acutorosirata,  dans  TAtlantique  noid,  l>ien  qu'uoe 
estimation  recente  des  populations  de  petits  roiquals  soil  indiqute,  avec  une  rtpaiiiti<Hi 
prcliminairc  cn  stiK'ks. 

Sexploitation  des  baleinopteres  de  TAtlantiquc  nord  est  actttdkment  limitde  aux 
operations  d*une  stalmn  halcinierc  i>,landaise  et  de  trois  ^.tations  terrestres  espaenoles  et  aux 
peches  traditionnellcs  des  uidigcncs  du  Ciroentand  occidental  qui  onl  capture  chuque  annee 
qiidqaes  B.  phjf$ahis,  B.  borealis  et  B.  acuiorostrata  (fasqu'eii  1974).  La  ptehe  ptiagique  des 
ms'sticdtes  dans  TAllanlique  ct  dans  les  caux  limitrophes  au  nord  de  40"^  est  intcrditc  par 
convention  Internationale  depuis  1937.  Les  baleines  bleues  sont  integralement  prqtegees  par 
convention  iateraationaie  depuis  1960. 

Seexaminan  los conocimientos  aciuaies  sobrc  la  Jisirihucion  ^eogrifka, la  identidadde 
las  poblaciones,  los  movimientos  migratorios  y  la  abundanciu  de  balenoptdridos  en  el  norte 
del  Atlantico  y  los  mdtodos  uiilizados  para  obtener  esos  datos.  La  mayoria  de  las  investiga- 
cionearealizadashasi  I  hi  fcchasehan  centrndo  enlabalienadealeta(^a/aeno/'rm//'/n  $(i/tM) 
c  indican  que  quizas  la  |X)blaci6n  este  dividida  en  seis grupos  independientes:  (I) nordeste  del 
Atlantico  artico  y  norte  de  Norucga,  que  emigra  hacia  el  norte  y  hacia  el  sur  estacionalmente 
a  traves  del  Estrecho  de  Dinamarca;  (2)  este  de  Gioenlandia  y  oeste  de  Islandia;  (3)  oeste  de 
Noruega  y  Fcroes;  (4)  Islas  Escocesas,  con  migraciones  estacionales  hacia  las  costas  de  Espaiia 
y  Portugal:  (5)  oeste  de  Groenlandia,  y  (6)  noroeste  del  Atlantico,  (rente  a  Nucva  E^cocia, 
Terranova  y  Labrador,  quizis  compuesto  de  dos  o  mis  poblaciones.  La  ballena  azul  (B. 
nmsculus)  que  se  encuentra  a  ambos  lados  del  norte  del  Allanlico  parece  estar  dividida  en 
varias  poblaciones,  que  es  posibic  realicen  movimientos  migratorios  de  este  a  oeste  y  vice- 
versa,  a  latitudes  septentrionales  muy  devadas.  Se  dan  estimaciones  de  la  poblacidn,  por 
zonas.  dc  ambas  especies.  Se  dispone  de  poca  informacic'in  sobre  la  identidad  v  volumen  de  las 
poblaciones  de  ballena  boba  (B.  borealLs)  y  ballena  cnana  {B.  Muiorusiraia)  del  none  del 
AlUniico,  autique  se  da  una  cstimad6n  redente  de  las  poblaciones  de  ballena  enana  y  una 
divisi6n  provisional  en  pc)blaciones 

La  explotacion  de  los  balenoptendos  en  el  norte  del  Atlantico  se  limita  en  la  actuaUdad 
a  una  estacMn  ballenero  de  Islandia,  tres  estadones  en  tierra  en  Espafla  y  algunas  captures  de 
ballenas  de  alela,  bohas  v  enanas,  por  los  aborigencs.  en  el  ocite  dc  Groenlandia  (hasta  I'^''  1 1 
La  caza  pelagica  de  mistacocetos  en  el  AtUnticoy  en  sus  aguas  adyaccntes  al  norte  de  40  S  se 
ha  prohibido  desde  1937  por  un  oonvenio  inteniadonaL  La  ballena  azul  esli  totalmente 
piofegida  por  un  oonvenio  intemadonal  desde  I960. 
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BALAENOPTERIDS  IN  THE  NORTH  ATLANTIC 


IntroAictiM 


Modem  whaling  b^an  in  1864  «iien 

Svcnd  F0)'n  carried  out  his  whaling  experi- 
ments at  a  shore  station  in  FinmariL  in  north 
Norway. 

By  1974,  the  only  '^great**  whaling  sta- 
tion '  operating  in  the  northern  North  Atlantic 
was  Icelandic,  The  last  Norwegian  "great" 
whaling  station  was  shut  down  after  the  1971 
seasoiL  In  Canada,  whaling  for  large  rorquals 
has  been  illegal  since  December  1972.  A  few 
fin.  Balaenoptera  phvsa/us  (L.),  sei  B.  horealis 
Lesson,  humpbacks,  Megaptera  novaeangliae, 
and  some  minke  whafes,  B.  aeiaorostnua 
Lac^pdde.  are  caught  annually  off  West 
Greenland  by  Eiskimos.  In  addition,  balae- 
noptehd  species  are  caught  from  3  shore  sta- 
tions in  SpSun. 

This  study  was  undertaken  in  1974  in 
order  to  review  w  hat  is  known  about  different 
stocks  of  balaenopterids  in  the  North  Atlantic, 
their  distribution  and  size.  Most  of  the  re- 
search has  focused  on  the  fin  whale  an  im- 
portant economic  species.  There  is  little  infor- 
mation about  different  population  of  blue 
whales,  A.  muscubts  (L.)  and  even  less  on  sd 
and  minke  whales. 


Rcgidatioiis 

The  International  Whaling  Conference 
held  in  London  in  1937  agreed  to  forbid  the 
use  of  a  Victory  ship  or  a  whale  catcher  at- 
tached thereto  for  the  purpose  of  taking  or 
treating  baleen  whales  in  the  Atlantic  Ocean 
and  its  dependent  waters  north  of  40"*  South 


I  fiilor^nofvrOicalwbalet  an  usually  taken  to  be  Ac 

sperm  whales  and  the  baleen  whales  (hluc,  fin  humpback, 
n|hl,  sei,  Bryde's.  gray)  with  the  frequent  aJdiiion  of  the 
minke  whale  -  m  M)  ft  the  smallest  baleen  whale  1  hi-  authors 
here  no  doubt  exclude  the  minke  whales  since  these  arc  cur- 
rently being  taken  by  Norway.  The  Spanish  whaling  station 
refemd  to  also  lakes  great  whales  -  mostly  fin  aod  qtenn  but 
«lao  «  few  hniBptacki. 


Latitude.  It  was  forbidden  to  take  or  kill  calv- 
es, suckling  whales  or  temale  whales  which 
were  accompanied  by  calves  or  suckling  whales. 
It  was  forbidden  to  take  or  kill  blue  whales 
below  70  ft  and  fin  whales  below  55  ft  (Com- 
mittee for  International  Whaling  StatisticSt 
1947). 

The  International  Whaling  Conference 

held  in  Washington  in  1946  reaffirmed  these 
regulations  and  also  set  minimum  lengths  of 
40  ft  on  sei  whales.  However,  it  was  agreed  that 
baleen  whales  not  more  than  5  ft  bdow  mini- 
mum  length  may  be  taken  for  deliver^'  to  land 
stations  provided  that  the  meat  of  such  whales 
is  to  be  used  for  local  consumption  as  human 
or  animal  food  (Committee  for  International 
Whaling  Statistics,  1948).  No  minimum 
lengths  were  or  are  set  for  the  minke  whale. 

The  hunting  of  blue  whales  m  the  North 
Atlantic  and  adjacent  Arctic  waters  was  pro- 
hibited by  the  International  Whaling  Com- 
mission from  the  beginning  of  the  1955  season 
for  a  period  of  5  years.  Denmark  and.  Iceland 
objected  to  this  decision  and  therefore  conti- 
nued hunting  blue  whales  up  to  and  including 
the  1959  season  They  did  not,  however,  renew 
their  objection  when  the  prohibition  was  ex- 
tended for  a  ftirther  5  years  from  the  begmning 
of  the  1960  season.  The  blue  whale  has  been 
completely  protected  since  that  date  in  the 
North  Atlantic  and  Arctic,  although  a  few  blue 
whales  have  been  killed  by  accident  On  a  na- 
tional level  governments  have  regulated  the 
number  of  stations,  the  number  of  catcher 
boats  permitted  to  operate,  and  the  length  of 
the  seasons  to  conform  with  IWC  reguhitions. 
Quotas  by  weight  for  minke  whales  were  set 
for  each  of  the  Norwegian  vessels  in  1973  and 
the  following  seasons.  National  regulations 
have  in  some  cases  been  of  great  importance  in 
the  management  of  the  i4iale  slodcs  in  the 
North  Atlantic. 


IdeatificatioB  oftaccdbig  popriatkm 

Effective  management  of  whaling  re- 
quires that  the  distribution,  size  and  (tynamics  271 
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of  the  populations  being  exploited  be  known. 
It  seems  clear  that  the  effective  biological  unit 
in  most  species  of  whales  is  not  the  species 
itself,  but  the  individual  breeding  populations. 
Thus,  unequivocal  identification  of  popula- 
tions is  of  the  greatest  importance.  A  practical 
defmilion  of  a  breeding  population  is  as 
follows:  ''a  rdatively  nomogeneous  and 
self-<:ontaiaed  popuJation  wliose  losses  by 
emigration  and  accessions  by  immigration,  if 
any,  are  negUgible  in  relation  to  the  rales  of 
growth  and  mortality''  (ICNAF/ICES/FAO, 
i960). 


Methods 
AfaHdng 

Table  1  shows  the  results  of  whale 
marking  of  balaenopterid  species  in  the  North 
Atlantic.  Most  of  the  marking  has  been  done 
under  a  Canadian  maricing  programme; 
information  on  the  marking  positions  is  only 
specified  by  areas  (Mitchell,  1974b). 

The  advantage  of  the  old  method  of 

marking  whales  usmg  inconspicuous  (internal) 

marks  recovered  after  death,  has  decreased, 
because  several  land  stations  have  been  closed. 
A  "streamer"  mark  with  monofilameni  line 


TaUe  t  BalMMVtntt  nuked  !■  Ike  North  Athatk 


Blue 

Fin 

Minkc 

Canada  (1960/73) 
France  (1965/69) 
Iceland  (1965/72) 
Norway  (1 95-1  /  75) 
United  Kingdom 
(19S0/SS) 

20 

287 
21 
17 
29 

9 

3D 

12 
207 

Total  number  maiked 

20 

344 

30 

219 

Reooveries  to  1974 

46 

3 

4» 

'  Indudiat  I  ttcamy  io  I97S. 


was  developed  by  Ruud.  The  main  aim  of  tliis 
mark  was  to  increase  the  recovery  rate  of 
marks  during  "flensing"  (Ruud,  Clarke  and 
Jonsgdrd,  1953).  Another  Streamer'*  maxlc  has 
been  developed  by  Mitchell  and  Kozicki 
(1975).  According  to  Mitchell  (1975)  it  is  vis- 
ible at  sea  at  ranges  of  1/2  mile  and  more. 
Kozicki  and  Nfitchdl  (1974)  have  also  devel- 
oped a  drug  mark  wfaidk  contains  quinacrine 
to  mark  growth  zones  in  the  ear  plugs  for 
absolute  age  determination.  In  1973,  10  fm 
whales  and  3  Uue  whales  were  marked  widi 
combined  drug  and  visual  tags  in  tihe  Gulf  of 
St.  Lawrence  (MitcheU,  1975). 

Patterns  of  density  and  migration 

Discontinuity  in  distribution  of  a  species 
of  whales  does  not  necessarily  indicate  ditler- 
ent  populations,  though  groups  of  whales 
inhabiting  different  feedmg  grounds  and  fol- 
lowing different  migration  routes  are  likely  to 
belong  to  different  populations.  Had  more 
information  been  available  about  die  localities 
of  the  different  breeding  grounds,  stock  iden- 
tification would  have  been  much  easier.  The 
great  majority  of  the  balaenopterids  in  the 
North  Atlantic  have  been  cau^t  from  shore 
stations.  The  density  of  catch  p>ositions  is,  how- 
ever, to  a  large  extent  dependent  on  the 
distance  from  the  stations,  as  well  as  on  the 
distribution  of  the  whales.  Altogether,  16  pe- 
lagic whaling  expeditions  were  made  in  the 
North  Atlantic  in  the  period  1929-37.  Log- 
books from  9  of  these  were  examined  by 
Jonsgdrd  (1966). 

Sightings  from  merchant  ships  (Brown, 
1958)  research  boats  (Mitchell.  1975)  and 
catchers  (Brown,  1972)  have  been  used. 


Different  trends  in  catch-per-uifit  effort 

If  catch-per-unit  effort  in  dilferent  areas 
shows  different  trends,  this  indicates  that  the 
areas  are  used  by  different  stocks. 
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Biological  parameters 

Differences  in  biological  parameteis  in 
the  catches  from  differmt  areas  indicate  dif> 
ferent  breeding  p(>pu1ations.  However,  such 
differences  may  also  occur  through  segrega- 
tion within  a  single  breeding  population.  Such 
biological  parameteis  aie: 

—  Mean  length  ol  the  catches 

—  Rate  of  ovulation 

—  Mean  age  and  length  at  sexual  and  phys- 
ical maturity 

—  Relation  between  number  ol  corpora 
lutea  and  length 

—  Relation  between  laminations  in  the 
earphu'  and  length 

—  Dillcrcnces  in  the  total  mortality  rate 

—  Food  and  feeding  habits 

Other  methods 

—  Morphological  differences 

—  Bio<»«nical  differences 

—  Pattern  and  shape  of  earplug 


Results 


Blue  whaJe 

Geographic  range 

The  northern  limit  of  blue  whales  is  the 
pack  ice  or  the  edge  of  the  ice  in  the  Arctic 
regions  of  the  North  Atlantic  Ocean  (Jonsg&rd, 
1966a).  On  the  east  ^e  of  the  North  Atlantic, 
12  blue  whales  were  observed  as  far  south  as 
the  part  of  the  ocean  between  Cape  Verde 
Islands  and  the  a)ast  ot  Africa  in  Marc|i  19 11 
by  higebrigtsen  (1929)  who  had  extensive  ex- 
perience as  a  whaler.  According  to  Moore 
(1953),  blue  whales  are  apparently  not  known 
off  Florida.  Harmer  (1923)  reports  that  a  lar^e 
Uue  whale  entered  the  harbour  at  Cristobal  m 
the  Ptmama  Canal  zone,  in  Januaiy  1922. 


Discrete  breeding  popdathtis 

Studies  of  the  blue  whale  populations  in 
the  North  Atlantic  have  mainlv  been  based  on 
catch  statistics  in  seasons  before  the  Second 
Worid  War  when  they  were  severely  overex- 
pknted  in  almost  all  whaling  areas. 

On  the  basis  of  obser\'ations  and  statis- 
tics obtained  from  the  stations  in  Iceland,  the 
Faroes,  the  Hebrides  and  Ireland,  Ingre- 
brigtsen  (1929)  concludes  that  one  population 
of  blue  whales  migrates  along  East  Greenland 
and  passes  northwest  Iceland  to  the  north- 
eastern Atlantic  Ocean  and  die  Arctic. 
Another  population  migrates  past  Ireland,  the 
Hebrides  and  the  Faroes,  and  then  proceeds 
toward  Iceland  and  mixes  with  the  first  pop- 
ulation. 

Risting  (1922)  mentions  that  blue  whales 
mi<:rate  along  the  cxiast  of  Newfoundland  as 
early  as  February,  and  he  assumes  that  ani- 
mals belonging  to  these  westom  stoclcs  occur 
off  Iceland  in  the  last  part  of  March.  Hjort, 
Jahn  and  Otteslad  f  1933)  adopted  the  hypoth- 
esis that  the  baleen  whales  off  Iceland  could 
be  treated  as  one  discrete  breeding  population, 
for  management  purposes.  His  reasons  were 
that  whaling  was  being  carried  on  from  north 
Norway,  the  Shetlands,  the  Hebrides,  Ireland, 
Svalbard,  the  Murmal  Coast  and  Newfound- 
land concurrent  with  Icelandic  whaling  from 
1883-1915,  and  in  all  the  former  areas  it  beca- 
me unremunerative,  doubtless  because  of  the 
near  extermination  of  the  ^ales  Hbett  (Hjort 
etoL,  1933). 

Hjort  (1902)  shows  drawings  of  2  small 
harpoons,  one  of  which  was  found  in  a  blue 
whale  cau^t  in  1888  and  tfie  other  in  a  blue 
whale  caught  in  1898.  Both  whales  were 
caught  ofTFinmark.  According  to  Hjort  these 
Qrpes  ot  harpoons  were  never  used  off  Fin- 
mark,  but  were  in  use  df  the  North  American 
east  coast.  Also,  in  a  blue  whale  captured  off 
Iceland  in  the  summer  of  1886,  a  portion  of  an 
explosive  harpoon  was  found  with  which  the 
whale  had  been  hit  the  previous  year  off  Fin- 
mark  (CoUett,  1911).  273 
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Jonsgdrd  (1955)  analysed  catch  statistics 
from  North  Atlantic  land  stations  and  pelagic 
expeditions  and  concluded  that  ii  is  possible 
that  Ae  bhie  whales  which  stay  for  a  tune  in 
the  nofthem  port  of  the  Barents  Sea  in  the 
course  of  their  migration  for  food,  are  hunted 
by  land  stations  from  Iceland,  the  Faroes, 
Norway  and  to  some  extent  from  Newfound- 
land. According  to  Jonsgdrd,  there  can  be  no 
doubt  that  a  substantia!  number  of  the  blue 
whales  which  are  found  off  Newfoundland 
Gontiniie  tiieir  migration  northward  through 
the  Davis  Strait  to  waters  west  of  Greenland. 
However,  blue  whales  in  the  Gulf  of  St.  Law- 
rence may  not  migrate  to  the  Davis  Strait 
(MitdieU,  1975). 

Jonsgdrd  (195S)  also  points  out  that  a 
separate  breeding  population  of  blue  whales 
may  occur  off  the  Hebndes.  Fhis  was  sub- 
stantiated in  part  by  the  fact  that,  in  the  period 
from  1927  onward,  the  catch  of  blue  whales  at 
stations  in  the  Faroes  and  Norway  did  not 
change  though  catches  diminished  oil  the 
Hebndes. 

The  northern  wateis  off  north  Norway 

and  Spitsbergen  also  seem  to  have  their  local 
breeding  populations  because  it  would  other- 
wise seem  hardly  possible  that  blue  whales  in 

some  areas  could  be  nearly  exterminated 
while,  at  the  same  time,  the  numbers  in  adja- 
cent areas  remained  relatively  high  (Jonsgdrd, 
19S5> 

It  may  be  concluded  that  blue  whales  on 
each  side  of  the  North  Atlantic  seem  to  be 
composed  of  several  discrete  breeding  popu- 
lations and  that  migration  may  take  place 
betw  een  the  eastern  and  western  side  in  high 
northern  latitudes. 


FSn  wkak 

Geoff^phic  range 

Although  tin  whales  no  doubt  migrate 
north  and  south  during  spring  and  autumn, 
they  have  been  caught  simultaneously  in  the 


summer  months  from  the  coasts  of  Portugal 
and  Spain  and  from  the  edge  of  the  ice  in  high 
northern  latitudes  (Jonsgdrd,  1966a).  A  single 
specimen  was  reportedly  seen  by  D.M.  Lind- 
say as  far  north  as  Melville  Bay,  West  Green- 
land (Allen,  1916).  A  pelagic  whaling  expedi- 
tion in  the  North  Atlantic  made  their  north- 
ernmost catches  of  fhi  whales  at  80"42'N, 
llTEm  June  1930  (Jonsgdrd,  1966). 

In  May  1948,  Kirpichnikov  (1950) 
sighted  an  unspecified  number  of  fin  whales 
between  the  Canary  Islands  and  the  coast  of 
Africa,  and  reported  that  4  fin  whales  were 
seen  off  the  coast  of  West  Africa  at  about 
20  50'N,  18"10'W. 

In  1946,  Brimely  ( 1 946)  reported  that  the 
southernmost  record  to  date,  on  the  western 
side,  was  from  North  Carolina.  MtH)re  (1953) 
gives  the  information  that  a  Uving  fin  whale 
was  stranded  in  Florida  in  May  1950,  at 
29*17T4,8r4'W. 

Discrete  breeding  filiations 

As  mentioned  above,  Hjort  ei  al.  (1933) 
assumed  that  tin  whales  off  Iceland  constitute 

a  distinct  population  for  management  pur- 
poses. Jonsson  (1965)  suggests  on  the  basis  of 
catch  statistics  that  fm  whales  oft'  northern 
Norway  and  western  Iceland  belong  to  the 
same  breeding  population,  but  that  the  Ice- 
landic catches  are  taken  from  different  breed- 
ing populations  from  those  inhabiting  the  wa- 
ters off  the  Faroes  and  western  Nor\\ay.  This 
hypothesis  is  supported  by  Jonsgdrd  (1966). 
Jonsgdrd  (1958,  1966)  also  concluded  that 
there  seems  to  be  a  connexion  between  the 
breeding  populations  off  western  Norw^  and 
the  Faroes  because  of  the  concurrent  drastic 
decrease  in  number  of  fin  whales  caueht  which 
look  place  HI  these  2  areas  in  post-War  sea- 
sons. Jonsgard  (1966)  shows  a  constant  and 
shnilar  trend  in  catdi  per  boat  from  Iceland 
and  from  north  Norway  since  1948,  and  he 
points  out  thai  the  higher  catch  per  boat  figure 
lor  Icelandic  whaling  may  indicate  that  fin 
whales  migrating  tbroug|h  the  rather  aanow 
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waters  ofT  the  Denmark  Strait  disperse  in 
Arctic  waters  further  north. 

OfT  the  west  coast  of  Iceland,  betweoi 
1965  and  1971,  14  fin  whales  were  marked 
under  the  Icelandic  programme  and  3  fin 
whales  under  the  Norwegian  programme.  In 
the  same  period  otT  east  Greenland,  16  lin 
whales  were  marked  under  the  Norwegian 
programme.  Of  these  33  marks.  5  had  been 
recovered  by  1971  from  the  catches  of  1  770  fin 
whales  taken  by  the  Icelanders  since  196o.  iiui 
none  of  these  marks  were  recovered  in  the 
catches  of  fin  whales  off  north  Norway  in  the 
same  period  However,  since  only  346  fin 
whales  were  caught  off  north  Norway  from 
1965  to  1971 ,  whidi  is  only  1/5  of  the  nnmbers 
in  the  Icelandic  catch,  the  marking  data  nei- 
ther support  nor  disprove  the  hypothesis  that 
fm  whales  off  northern  Norway  and  Iceland 
belong  to  the  same  breeding  population. 

Fin  whales  occur  off  east  Greenland 
(Jonsgdrd.  1966;  Jonsgdrd  and  Christensen, 
1968;  Christcnscn,  1974).  Of  the  27  fm  whale 
maiked  oflTout  OreeaUmd,  2  have  been  recov- 
ered off  Iceland.  Rorvik  et  al.  (1975)  conclude 
that  the  same  discrete  breeding  population  of 
fin  whales  which  occurs  off  the  west  coast  of 
Iceland,  probably  also  occurs  regularly  off  east 
Greenland  and  possibly  off  north  Norway. 

Jonsgard  (1966)  examined  170  and  40 
sexually  mature  female  fm  whales  from  west 
Norway  and  north  Norway,  respectivdy.  As- 
suming  that  the  corpora  lutea  persist  and  ac- 
cumulate in  the  ovaries  at  the  same  rate  in 
both  areas,  Jonsg<^rd  concludes  that  females 
found  off  north  Norway  have  a  faster  growth 
and  attain  a  greater  length  than  those  found 
off  western  Norway.  The  hypothesis  that  fin 
whales  olT  western  Norway  and  north  Norway 
belong  to  different  breeding  populations  is 
further  supported  by  the  fact  that  fm  whales 
are  very  seldom  seen  in  the  waters  between 
these  two  whaling  areas  (Jonsgard,  1%6). 

Jonsg&rd  (1966)  also  finds  that  the  catch 
statistics  indicate  a  connexion  between  the  fin 
whales  occumng  in  the  Gibraltar  area  (which 
is  a  possible  breeding  ground)  and  those  found 
off  ue  Scottish  islaiuls.  Aoooiding  to  Jonsgftrd 


this  view  is  supported  by  the  previous  obser- 
vations that  when  whaling  was  introduced  off 
the  Shetland  Islands,  the  fm  whales  behaved 
as  if  they  had  never  been  diased  before,  and 
also  that  they  were  different  in  colour  and  size 
from  those  caught  off  the  Faroes  (Risting, 
1922). 

Lund  (1934)  analysed  whale  oil  bought 
for  industrial  use  from  various  areas  of  whal- 
ing. In  his  opinion,  the  iodine  value  of  the  oil 
and  to  some  degree  also  the  saponification 
value  diaracteri^  a  whale  stock.  From  a 
comparison  of  the  iodine  values  of  oil  from 
whales  caught  on  different  North  Atlantic 
whaling  grounds,  he  states  that  distmci  breed- 
ing populations  of  fin  iR^iales  might  be  found 
in  the  following  geographical  areas;  southern 
Spain,  north  Spain,  the  coast  of  Norway,  the 
Scottish  islands  and  the  Arctic  Ocean.  Lund's 
method  has  not,  to  the  authors'  knowledge, 
been  taken  into  consideration  by  other  scien- 
tists although  he  has  also  published  papers  on 
the  iodine  values  of  oil  from  Antarctic  whales 
(Lund,  1938, 1950, 1950a,  1951). 

The  catch  statistics  for  fin  whales  caught 
off  the  west  coast  of  Iceland,  1948-74,  were 
exanuned  by  R0rvik  et  al.  (1975).  rheyfound 
that  on  the  average  from  1951  to  1973,  tiie 
mean  length  both  for  males  and  females  is 
larger  in  tin  whales  caught  in  waters  outside 
the  continental  shelf  than  in  those  caught  over 
the  shelf  or  the  slope,  especially  in  the  early 
(May  and  June)  and  in  the  late  (September) 
parts  of  the  season.  The  proportion  ol  the  fm 
whales  caught  over  the  shelf  was  largest  m  July 
and  August.  This  indicates  in  our  opinion  that 
it  is  mainly  one  stratified  breeding  population 
which  infuihits  the  waters  of  the  west  coast  of 
Iceland.  The  larger  and  sexually  mature  ani- 
mals seem  to  dominate  among  those  whales 
that  arrive  first  on  the  grounds.  The  immatures 
occur  off  west  Iceland  mainly  in  July  and  Au- 
gust, and  are  more  restricted  to  the  waters  over 
the  shelf.  Fin  whales  seldom  occur  in  waters  of 
less  than  200  m  depth.  R0rvik  et  al.  conclude 
that  the  segregation  by  length  and  its  vaha- 
tioas  through  the  season  is  best  exphiined  by 
assuming  mat  one  breeding  populatioii  m-  275 
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habits  the  waters  off  west  Iceland. 

Tt  may  be  concluded  that  difTerences  in 
biolojjical  parameters  such  us  mean  length  do 
not  imply  difTerent  breeding  groups,  but  may 
be  caused  by  variations  in  one  stratified 
population. 

Accordmg  lo  Mitchell  (1974a)  the  Ca- 
nadian maridng  of  fin  whales  in  die  North 
Atlantic  has  not  demonstrated  any  interchange 
between  the  fin  whales  in  the  west  Green- 
land area  and  in  the  Labrador  and  Nova  Sco- 
tia areas.  The  data  also  suggest  that  the  fin 
whales  in  the  Nova  Scotia  area  are  clearly  sep- 
arable as  a  breeding  population  from  the  fm 
whales  bemg  taken  in  the  Denmark  Strait  by 
Iceland.  Marking  data  indicate  that  there  is 
some  interconnexion,  of  the  order  of  10%, 
between  the  population  of  the  Nova  Scotia 
area  and  that  in  the  Labrador  area  during 
summer  months.  Mitchell  also  points  out  that 
males  caught  at  Blandford  Station,  Nova  Sco- 
tia, are  scxinillv  mature  at  a  mean  length  which 
is  2  ft  shorter  than  those  caught  further  north 
at  Dildo  and  Williamsport,  Newfoundland. 
The  fact  that  the  average  age  of  sexually  ma- 
ture males  at  Blandford  (34.4  lamina,  n  =  47), 
much  greater  than  at  Dildo  (24.2  lamina, 
n » 61)  and  Williamsport  (20.4  lamina, 
n  ^  5'').  indicates  that  thev  represent  :i  tlifrer- 
enl  breeding  group  of  whales  or  that  there  is  a 
cline  in  this  feature.  Taking  the  presence  of  a 
sinde  corpus  luteum  or  a  corpus  albicans  of  an 
early  stage  as  the  definition  of  the  attainment 
of  sexual  maturity  in  female  fin  whales,  Mit- 
chell finds  the  average  length  at  sexual  ma- 
turity lo  be  58  ft  at  Blandford  (n  =  12).  58  ft  at 
Dildo  (n  =  11)  and  60.48  ft  at  Williamsport 
(n  =  23).  Plotting  of  ear  plug  lammations 
against  number  of  corpora  in  both  ovaries  for 
the  years  1966  to  1969  gave  0.90  ovulations  per 
2  lamina  in  Blandford  whales.  In  other  words, 
there  arc  0.90  ovulations  for  a  period  of  time 
represented  in  ear  plugs  by  2  light  bands  (or  2 
dark  bands).  In  Dildo  and  Williamsport 
whales  the  results  were  0.82  and  0.68  ovula- 
tions, respectively. 

Mitdiell  (1974a)  also  found  a  decrease  in 
the  mean  length  of  fin  whales  sampled  at  the  3 


whaling  stations  from  the  most  northerly  one 
(Williamsport)  to  the  most  southerly  one 
(Blandford). 


Males  (ft)  Females  (ft) 

WiDtanspoft           S7.S6(n-425)  60.53(0-652) 

CHIdo                     57.55  (n  =  469)  60.08  (n  =  462) 

Blaodfonl                S4.72(d  -  589)  57.33  (n  -  752) 


According  to  Mitchell  ( 1  ^^"^43)  the  differ- 
ences between  mean  lengths  at  each  of  the  3 
difTerent  stations  imply  that,  without  consid- 
ering gunner  selection,  there  are  either  3  dis- 
crete breeding  populations  being  fished:  or  a 
number  of  isolated  scht)ols  available  to  each 
station:  or  that  within  one  latitudinaily  dis- 
persed population,  there  may  be  a  dine  m  such 
diaracters  as  mean  length. 

Mitchell  and  Kozicki  fI974)  examined 
1  122  ear  plugs,  sampled  off  the  cast  coast  of 
Canada.  Iliey  concluded  that  data  concerning 
the  external  ear  plug  shape  are  not  related  to 
possible  discrete  breeding  populations  defined 

by  other  paramctcn>. 

Mitchell  (1975a)  notes  that  an  external 

pigmentation  scale  is  being  divi.scd  in  order  to 
quantify  small  differences  found  on  the  Ca- 
nadian east  coast  between  individual  whales 
and  possibly  between  populations,  and  that 
body  measurements  from  northwest  Atlantic 
fin  whales  aLso  will  be  analysed. 

Electrophoretic  analyses  of  iin  whales 
from  the  west  coast  of  Iceland  are  also  being 
carried  out  (IWC,  1974). 

We  conclude  that  the  fin  whales  in  the 
North  Adantic  may  be  divided  into  the  fol- 
lowing independent  groups: 

(1)  The  breeding  population  -  or  popula- 
tions -  in  the  Arctic  eastern  North  At- 
lantic and  off  north  Norway.  These 
whales  probably  migrate  northward  and 
southward  through  the  Denmark  Strait 
and  may  have  been  subject  lo  catch  both 
off  north  Norway  and  off  Iceland; 
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(2)  The  fin  whales  off  ea'^t  Circcnland  and 
west  Iceland  which  probably  belong  to 
the  same  breeding  population; 

(3)  The  fin  whales  off  the  west  coast  of 
Norway  which  may  belong  lo  the  same 
breeding  population  -  or  populations 
-  as  those  found  olT  the  Faroes; 

(4)  A  separate  breeding  population  ol  tin 
whales  may  inhabit  the  waters  off  the 
Soottish  island^  Jm  ing  the  feeding  sea- 
son, and  spend  I  n>:  the  breeding  season 
off  Spain  and  Portugal; 

(5)  The  fin  whales  off  west  Greenland; 

(6)  The  northwest  Atlantic  fin  whales  off 
Nova  Scotia,  Newfoundland  and  La- 
brador, which  may  be  composed  of  two 
or  more  breeding  populations  (Nova 
Scotia  and  Gull  of  St.  Lawrence  versus 
Newfoundland/Labrador). 


Set  wkUe 


Geographic  range 

Sei  whiiles  have  been  caught  as  far  north 
as  79"N  and  lUO  nautical  miles  off  west  Spits- 
bergen (IngebrigLsen,  1929).  However,  Inge- 
brigtsen  concludes  that  the  majority  of  this 
species  in  the  norlheasiern  pari  of  ihc  Atlantic 
Ocean  and  the  Norwegian  Sea  does  not  pro- 
ceed beyond  72"N.  On  the  western  side  of  the 
North  Atlantic,  sei  whales  have  been  observed 
in  the  Davis,  Strait  (Mitchell,  1974a).  In  the 
southern  part  of  the  North  Atlantic  sei  whales 
may  be  confused  with  Bryde's  whales  when 
sighted.  Catches  of  sei  w  hales  have  been  made 
in  the  winter  months  olT  Cape  Blanco,  West 
Africa  (Ingebrigtsen,  1929).  Sei  whales  have 
been  marked  off  northern  Venezuela  (Mit- 
cbeU,  1974a). 


Discrete  breeetUng  populettUms 

Ingcbrigisen  (1929)  slates  that  the  re- 
gions where  sei  whales  afford  opportunities  of 
remunerative  whaling  are  the  Norwegian  Sea 
off  the  Shetlands,  the  Faroes  and  the  west 
coast  of  Norway.  According  to  him,  sei  whales 
are  scarce  ofl'  Iceland,  the  greatest  number 
captured  in  the  1900  season  30  boats  being 
20  whales.  However,  since  1948,  sei  whales 
have  been  caught  regularly  ofl'west  Iceland,  in 
some  years  in  great  numbers.  In  1971,  240  sei 
whales  were  caught  by  4  boats,  compared  with 
only  3  sei  whales  in  1968.  On  the  average  for 
1948  to  1974.  63  sei  whales  were  caught  per 
season  b^  4  boats. 

With  regard  to  the  northwest  Atlantic, 
Mitchell  (1974a)  states  that  geographic  limits, 
migration  and  ranges  are  not  known  certainly 
for  the  population  being  lished  there.  The  3 
recoveries  of  marks  from  sei  whales  in  the  Ca- 
nadian fisheries  indicate  that  sei  whales  caucht 
from  Blandford  in  the  carlv  and  late  summer 
arc  from  the  same  breeding  population  (Mit- 
chell, 1975a).  However,  it  is  possible  that  2 
discrete  breeding  populations  of  sei  whales,  a 
northern  and  southern  one,  occur  oil'  the  east 
Canadian  coast  (Mitchell,  1974a). 

It  may  be  concluded  that  very  little  is 
known  about  the  identity  of  sei  whale  breeding 
populations  in  the  North  Atlantic  Ocean. 


Mmke  tvhak 

Geographic  range 

Like  blue  and  fin  whales,  minke  whales 
are  limited  in  their  northern  range  by  the  ice. 
On  the  eastern  side  of  the  North  Atlantic 
minke  whales  have  been  caught  by  Norwegian 
whalers  as  far  north  as  the  edge  of  the  ice 
(Jonsgard,  1966a).  A  plot  of  the  localities 
where  minke  whales  were  taken  by  Norwegian 
whalers  in  recent  years  (1966-72)  is  given  by 
Solvik  and  JonsgArd  (1974).  277 
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Little  is  known  of  (he  southern  limit  of 
this  species  on  the  European  side  of  the  Norlli 
Atlantic  although  it  has  been  reported  a^  far 
south  as  the  Mediterranean  (Collett,  191 1). 

The  northwest  Atlantic  breeding  popu 
Intion  of"  rninkc  whales  apparently  summers 
along  the  coast  between  (Jagava  Bay  and  Cape 
Cod,  and  winters  offshore  in  waters  south  to 
Florida  (Mitchell,  1974a). 

Off  the  west  coast  of  Greenland,  con- 
centrations of  minke  are  observed  as  far  north 
asaffSvarteohakCChristensen,  1974). 

Dismfte  bree^g  populations 

Jonsgdrd  f  195 1 ,  1962)  reports  that  minke 
whales  during  their  migration  in  Norwegian 
and  adjacent  waters  are  segregated  in  time  and 
area  according  to  size  and  sex.  O-group  calves 
are  mainly  found  in  late  summer  from  Stadt 
(western  Norway)  to  Vestcrilcn  with  a  con- 
centration in  the  Lofoten  area.  On  their 
northward  migration,  larger  fonaks  often  visit 
the  Qords  while  larger  males  migrate  further 
out.  Mature  females  and  males  also  segregate 
in  the  eastern  Arctic  waters,  in  all  probability, 
the  same  breeding  p<ipuIation  of  minke  whales 
occurs  off  Norway  and  in  the  Barents  Sea 

Sergeant  (1963)  concludes  from  length 
frequencies,  that  the  Newfoundland  calch 
consisted  mainly  of  mature  animals,  and  si^- 
gesls  that  the  immature  whales  are  distributed 
further  south  m  the  summer  months.  Mitchell 
(1974)  who  examined  191  minke  whales 
caught  ofT  Newfoundland  and  Nova  Scotia 
between  1966  and  1972.  ftnind  (hat  74  3  T 
were  females.  The  length  frequencies  of  males 
and  females  indicated  no  segregation  by  size. 

Christensen  (1974)  reports  on  the  sex 
distribution  in  the  Norwegian  catches  of 
minke  whales  in  the  1973  season.  He  found 
that  females  made  up  70  %  (n  =  120)  of  the 
catch  in  the  Barents  Sea,  34.2  %  (n  »  38)  off 
east  Greenland  and  85.2  %  (n  »  81)  ofif  west 
Greenland. 

Christensen  (1974)  also  found  that  the 
mean  length  of  minke  whales  caught  in  the 


Barents  Sea  was  smaller  than  that  of  those 
caught  otT west  Greenland,  and  suggested  that 
the  differences  in  the  length  group  frequencies 
and  sex  composition  between  these  two  areas 
indicate  separate  stocks  of  minke  whales  in  the 
northeast  and  the  northwest  Atlantic. 

Vv  hiic  little  is  known  about  stock  units  of 
minke  whales  in  North  Atbmtic  waters,  there 
are  indications  that  different  stocks  may  occur 
in  northern  North  Atlantic  waters  during  the 
feeding  migration  in  the  summer. 

Addendum 

The  stocks  of  minke  whales  in  the  North 

Atlantic  were  the  subject  of  a  working  group  of 
the  Scientinc  Committee  of  the  International 
Whaling  Commission  (IWC,  1977).  This  group 
condttoed  that  tiie  following  areas  probably 
contain  fairly  independent  stocks  of  minke 
whales: 

(1)  The  Canadian  east  coast; 

(2)  The  west  Greenland  area; 

(3)  The  east  Greenland-Iceland-Jan  Mayen 
area; 

(4)  The  region  from  Svalbard,  the  Barents 
Sea,  along  the  Norwegian  coa.st.  includ-> 
ing  Skagerak,  the  North  Sea  and  other 
areas  around  the  British  isles. 


Estimation  of  population  size 


Mliiiods 

(1)  Estunates  from  the  old  catch  statistics 

(2)  Sightings 

(3)  Maik/recapture 
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(4)  Catch-pcr-unit  efTort,  and  De  Luiy 
method 

(5)  Estimates  from  the  total  mortality  rate 

The  methods  of  si«2htin2s  and  mark /re- 
capture  have  been  discussed  by  Best  (1974). 

Estimates  from  the  old  catch  statistics 

During  the  period  from  1868  to  about 

1915.  whaling  took  place  in  most  parts  of  the 
northern  North  Atlantic.  The  catch  statistics 
from  this  period  as  given  in  the  International 
Whaling  Statistics  are  incomplete  for  two  rea- 
sons: 

(1)  The  statistics  give  only  the  number  ol 
whales  brought  to  tiie  stations  and 
worked  up  (Tennessen,  1967).  Tonnes- 
sen  writes  that  the  number  actually  killed 
must  have  been  considerably  higher, 
because  of  inefHcient  catching  equip- 
ment. According  to  Tonncssen.  it  has 
been  suggested  that  in  ihc  first  20-25 
years  after  1867  the  statistics  should  be 
doubled  to  get  a  correct  estimate  of  the 
number  of  whales  actually  killed,  and  in 
the  following  15-20  vears  the  statistics 
should  be  increased  by  a  factor  of  50  %. 
Tmnessen  comments  that  these  sug- 
gested increases  seem  to  be  too  high,  but 
he  is  not  able  to  <!i\e  more  corrcci  data. 
We  assume  thai  the  pcrccniagcs  siiould 
probably  be  different  for  different  spe- 
cies. 

(2)  The  number  of  species  brought  to  the 
stations  is  only  partly  specified  in  the 
statistics.  Also,  those  which  are  specified 
may  not  be  representative  of  the  actual 
catch. 

An  estimate  of  the  total  number  of 
whales  killed  may  give  an  idea  of  the  stock  size 
of  the  species  in  question,  especially  when  the 
stock  is  much  reduced.  Old  catch  statistics  may 


provide  such  an  estimate.  The  following  nota- 
tion is  introduced: 

Cr    is  the  total  number  of  whales  caught  in 

'    seasonj,  of  which 
Cs^    is  the  number  of  whales  recorded  by 

species, 

Cj  is  the  nimiberofthe  actual  species  which 
are  caught  and  spcdHed  m  the  catch 
statistics. 

Assuming  that  the  statistics  have  to  be 
increased  by  25  %  to  compensate  for  those 

which  were  lost  at  sea.  and  that  the  number 
specified  is  representative  of  the  total  catch, 
the  estimated  number  of  whales  of  the  actual 
species  killed  is: 

1.25x2,  (C^xCt-ZCs^    (1) 

An  alternative  formula  is: 

U5x2j  qx2j  Ct/2j    (2) 

Catch-per-unit  effort   and  De  Lury 
method 

This  method  has  also  been  di.scussed  by 
Best  ( 1974).  However,  the  assumption  used  in 
De  Lury's  (1947)  method  that  catch-per-unii 
effort  is  proportional  to  stock  density  and  stock 
size  should  be  further  discussed.  Most  of  the 
u  haling  in  the  North  Atlantic  has  been  carried 
out  from  shore  stations.  It  is  likely  that  an 
essential  part  of  the  time  of  the  catcher  boats 
on  each  trip  is  spent  en  route  to  and  from  the 
catching  grounds.  1  his  part  of  the  operation 
time  is ,  independent  of  the  stock  density. 
Therefore,  the  number  of  whales  caught  per 
catcher  in  the  season  is  not  likely  to  be 
proportional  to  the  stock  density  (Rorvik  et  ai., 
1975).  Rarvik  et  aL  conclude  from  theoretical 
considerations  that  a  decrease  in  catch  per 
catcher  indicates  a  relati\  ely  larger  dccrea.se  in 
stock  size.  Catch  per  hour  used  for  searching 
and  himting  seems  to  be  a  better  measure  of 
stock  densi^  than  munber  of  whales  caught  279 


JXX  RflRVIK  &  A.  JONSGARD 


Eer  catcher.  However,  estimation  of  catch  per 
our  used  for  searching  and  hunting  requires 
oAen  a  tedious  search  of  logbooks  in  which 
such  data  oocurs. 

Tlie  way  in  which  catch  per  hour  used 
for  searching  and  hunting  relates  to  stock 
density  is  also  likely  to  depend  on  how  the 
numlMar  of  whales  per  school  changes  when  the 
stock  size  dianges. 

Estimates  from  the  mortality  rate 

The  total  inslanlanecms  mortality  rate, 
Z,  can  be  determined  from  the  age  distribution 
as  read  fnmi  the  earplugs.  The  instantaneous 

whaling  mortality,  F,  can  he  estimated  from  Z 
when  the  instantaneous  mortality  rate,  M,  is 
known.  From  the  catch,  C,  the  stock  size,  N, 
can  be  estimated  by: 

]fi  -  C/F  -  C/(Z  -  M) 

However,  estimates  of  Z  may  be  Ixased  if 

samples  are  taken  from  a  stock  which  is  segre- 
gated by  body  length.  Such  a  segregation  has 
been  demonstrated  for  the  fm  whales  off  the 
west  coast  of  Iceland  (Rervik  et  a/.,  1 975).  Fin 
whales  caught  on  different  grounds  of  the  east- 
em  coast  of  Canada  also  have  different  mean 
lengths  (Mitchell,  1974a).  Segregation  may 
also  influence  the  results  from  the  markings. 
We  cannot  assume  that  whales  marked  in  a 
small  area  after  a  given  time  are  unifonuly 
distributed  in  the  aiea  Inhabited  by  the  slock, 
if  the  stock  is  segregated. 

Results 


Blue  whale 

North  Norway 

Off  n<Mlh  Norway,  17  745  whales  were 
reported  caught  from  1868  to  1904  and,  of  the 


1 1  607  whales  specified,  I  833  were  recorded 
as  blue  whales  (Committee  for  International 
Whaling  Statistics,  1931).  Using  formula  (2), 
this  imucates  that  about  3500  blue  whales 
wore  killed  in  this  area. 

Denmark  Strait 

In  1915,  the  blue  whale  population  off 
Iceland  was  very  much  reduced.  Only  9  blue 
whales  were  caught  by  4  boats  in  1915  (Com> 
mittee  for  International  Whaling  Statistics, 
1931)  compared  with  219  blue  whales  caiioht 
by  5  boaLs  Irom  one  station  both  in  1895  and 
1896  (Risting,  1922).  Using  formuhi  (1)  and 
the  catch  statistics  for  the  period  from  1883  to 
1915.  we  conclude  that  about  lOrxX)  blue 
whales  were  killed  in  this  period  oil  Iceland.  In 
this  estimate,  we  have  assumed  that  25  %  of  the 
whales  caught  in  the  1905  to  1910  seasons  and 
in  1912,  for  which  no  specification  is  given, 
were  blue  whaler.  I  his  estimate  also  includes 
blue  whales  cau^t  off  the  east  coast  of  Ice- 
land, where  whaling  took  place  from  1900  to 
1913;  these  blue  whales  may  belong  to  a  dif- 
ferent breeding  population  than  those  caught 
off  the  western  and  northern  coasts  of  Iceland. 

Takini'  mto  consideration  the  recruit- 
ment of  the  breeding  populations  in  the  period 
1883-191S,  and  a  possible  over-representation 
of  blue  whales  in  the  specified  part  of  the 
catch,  it  is  likely  that  the  virgin  stock  must  have 
been  less  than  10  000.  But  it  may  be  concluded 
that  the  virgin  stock  of  blue  whales  (^Iceland 
must  have  numbered  several  thousand. 

Brown  ( 1972)  concludes  from  a  prelimi- 
nary analysis  ol  sighting  records  from  the  Ice- 
landic catcher  boats,  that  the  number  of  blue 
whales  occurring  on  the  whaling  grounds  off 
west  Iceland  during  the  whaling  season  has 
increased  considerably  during  the  whaimg 
season  since  I960,  when  the  prohibitimi  on 
catching  blue  whades  came  into  force  in  Ice- 
landic waters. 

Using  the  data  from  1  able  4  ot  Brown 
(1972)  the  mean  abundance  of  this  population 
b  calculated  to  be  nrtitiimntii  30  and  maximum 
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37  blue  whales  in  the  1957-59  seasons;  for 
1969-71  the  mean  abundance  is  138  minimum 
and  249  maximum.  This  would  imply  an 
average  rate  of  increase  of  around  15.6  % 
per  annum,  which  is  so  great  as  to  be  highly 
unlikely,  given  our  knowledge  of  great  whale 
biology.  Thus,  while  Brown's  data  and  our 
observations  indicate  an  increase,  its  actual 
size  Ls  open  to  question.  Sightings  data  may 
have  been  influenced  by  other  factors  than  a 
change  in  numbers  of  blue  whales. 

Northwest  Atlantic 

Alien  (1970)  assumes  that  the  abun- 
dance of  fm  whales  did  not  change  appreciably 

between  1903  and  1951,  and  uses  the  ratio  of 
blue  whale  to  fm  whale  catches  as  an  index  of 
blue  D^iale  slock  size.  He  concludes  diat  the 
initial  stodk  size  was  sHghtly  over  1  100  blue 
whales  and  that  the  maximum  sustainable 
>ieid  was  probably  not  more  than  100  blue 
whales.  Mitchell  (1974a)  pouits  out  that  since 
it  is  likely  that  all  of  these  whales  were  on 
misration  to  or  from  Davis  Strait,  this  estimate 
of  1  100  whales  probably  accounts  for  the  en- 
tire northwest  Atlantic  population  of  blue 
whales. 

As  judged  trom  cumulative  sightings  re- 
corded by  whale  catchers,  and  from  estimates 
based  upon  strip  censuses,  the  population  of 

blue  whiiles  in  the  northwest  Atlantic  can 
probably  be  numbered  in  the  low  hundreds 
(Mitchell,  1974a). 


Fin  whale 

North  Norway 

No  stock  estimates  of  fin  whales  off 

north  Norway  have  yet  been  made.  However, 
if  the  breeding  population  of  fin  whales  off 
north  Norway  is  independent  of  that  ofl"  Ice- 
land, and  if  it  can  sustain  a  catch  of  61  fin 
whales  annually,  which  was  the  average  fiom 


1948  to  1971,  then  the  recruited  virgin  stock 
must  have  been  at  least  2  034  animals,  assum- 
ing 6  %  yield  at  MSY  level,  where  MSY  level  is 
SO  %  of  the  vii^  stodc. 

In  the  catch  statistics  from  1868  to  1904 
(Committee  for  International  Whaling  Statis- 
tics, 1931),  11  607  out  of  17  745  whales  are 
specified,  5  864  of  whidi  are  fin  whales.  Using 
formula  (2).  wc  arrive  at  a  figure  of  10  5(X)  for 
fin  whales  killed  from  1868  1904.  mostly 
during  the  last  20  years  of  the  penod.  it  may, 
tlMnefore,  be  concluded  that  the  virgin  breed- 
ing population  or  populations  inhabiting  the 
northern  Northeast  Atlantic  waters must  have 
numbered  several  thousand. 

Western  Norway  and  the  I-aroes 

Jonsgftrd  and  Rervik  (1975)  estimated 
the  recruited  stock  in  1946  to  be  2  700  fin 

whales  using  De  Lurv's  (1947)  method,  with 
the  modifications  given  by  IWC  (1964)  which 
take  natural  mortality  and  recruitment  into 

account.  The  stock  size  in  1963  was  estimated 
to  he  430.  Since  then,  only  84  fin  whales  have 
been  caught  in  these  waters.  However,  the 
stock  size  probably  decreased  relatively  mcMre 
than  the  corresponding  decrease  in  catch  per 
catcher  from  1946  to  1963.  The  present  stock  of 
fin  whale  off  western  Norway  and  the  Faroes 
is,  therefore,  probably  in  the  low  hundreds. 
The  virgin  stock  must  have  been  more  than 
2  100  because  over-exploitation  of  this  stock 
(or  stocks)  seems  to  have  taken  place  m  be- 
tween 1918  and  1939. 

S/foin,  Portugal  and  the  Scottish  Islands 

A  total  of  6  433  fm  whales  were  caught 
off  Spain  and  Portugal  from  1921  to  1927.  In 
this  period,  the  stodc  was  severely  reduced 
(Hjort,  Jahn  and  Ottestad,  1933).  In  1903 
whaling  started  off  Scotland  (Risting.  1922). 
2  229  fin  whales  were  caught  in  these  waters 
from  1922  to  1929  and  die  catch  per  catcher 
decreased  fiom  71.6  fin  whales  in  1924  to  18.3 
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in  1929  (Jonsgdrd,  1966).  This  gives  a  total  of 
8  662  fin  whales  caught  from  1921  to  1929  off 
Scotland,  Spain  and  Portugal. 

It  may  be  concluded  that  the  virgin 
breeding  population  or  populations  which 
inhabit  the  waters  off  Spain,  Portugal  and 
Scotland  (Jomg^rd,  1966)  must  have  number- 
ed at  least  S  000  anhnals. 

DenmaHc  Sfrait 

In  a  prdiminary  analysis,  Gambell, 
Jonsson  and  Jonsgftrd  (1973)  estimated  the 

total  instantaneous  mortality  rate.  Z.  from  the 
age  distribution  as  determined  from  428  ear- 
plugs available  from  fin  whales  caught  at  Ice- 
land. However,  only  266  (62  '>'  )  wore  readable. 
They  found  Z  to  he  007  and,  assuming  that  the 
natural  instantaneous  mortality  rate,  M,  is 
0.04,  the  instantaneous  ftshing  mortality,  F,  is 
0.07  -  0.04  =  0.03.  From  the  average  annual 
catch  of  241  fin  whales  (1948-72).  the  total 
exploitable  breeding  population  was  then 
estunated  to  be  8033.  Because  of  the  low 
readable  proportion  of  the  earplugs,  Oambell 
e(  al.  (1973)  doubted  their  reliability  as  a  ran- 
dom sample  of  the  population. 

The  sample  may  also  be  biased  because 
of  the  segregation  by  length  of  fin  whales  olf 

west  Iceland. 

Rorvik  et  al.  (1975)  estimate  the  stock 
size  from  marking  results  from  1965  lo  1973 
using  the  method  of  direct  multiple  sample 
census  (Chapman,  19S2). 

Symbols, 

Tj  "  number  of  marked  fin  whales  alive  at  the 
begmning  of  the  season  j 

Cj  —  number  of  fin  whales  caught  in  season  j 

tj  *  number  of  marks  recovered  in  season  j 

nij  —  number  of  fin  whales  marked  at  the  be- 
ginning of  the  season  j 

N  —  thenumberof  fin  whales 


The  method  of  direct  multiple  sample 
census  (Chapman,  1952)  gives, 

j  =  1965         j  =  1965 

The  method  assumes  that  no  recruit- 
ment or  mortality  occurs  during  the  experi- 
ment —  a  condition  which  is  not  fulfilled  in 
Ais  case.  Since  catch-per-unit  effort  showed 
no  significant  decline  firom  1948  to  1973,  the 
stock  could  not  have  dianged  much  in  the 
penod  1965  to  1973. 

The  mortality  rate  of  marked  fin  whales 
was  taken  into  account  by 

Ti..  =  (Tj-t^e'>-  +  mj., 

The  approximated  Poisson  distribution 
of  t|  also  allowed  the  calculatitMi  of  a  95  % 
confidence  interval  of  N.  Assummg  l(X)  %  re- 
covery rate,  the  recovery  of  6  fin  whales  out  of 
20  marked  off  the  west  coast  of  Iceland,  ^ves 
the  following  estimate, 

=  4265 
Nrti  -=  1  791 
N„  =  11584 

Assuming  that  the  same  discrete  breed- 
ing population  of  fin  whales  occurs  in  the  wa- 
ters off  the  west  coast  of  Iceland,  north  Nor- 
way and  cast  Greenland,  and  lakmg  mto  ac- 
count the  27  fin  whales  marked  off  east 
Greenland  (2  recoveries  at  Iceland),  the  fol- 
lowing estimate  is  obtained: 

N      =  7661 

=  3  627 
=  17  651 

Northwest  Atlantic 

Mitciicil  (1974b)  has  made  3  esumales  of 
Stock  size  using  different  methods:  from  cen- 
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suses  a  preliminary  conservative  figure  of  less 
than  4  182:  from  tag  recapture,  a  preliminary 
figure  of  6  310  of  which  1  992  are  referred  to 
the  Nova  Sootia  area;  ftom  catch /effort  data  a 
figure  of  at  least  3  590  fin  whales.  From  cu- 
mulative catch  data  Mitchell  ( 1 974b)  estimates 
the  upper  limit  of  MSY  to  be  400. 

Allen  (1973)  estimates  from  records  of 
catch-pcr-unit  effort  that  the  fin  whale  popu- 
lation in  1972  was  320  animals  off  Blandford, 
Nova  Scotia,  530  off  Dildo,  Newfoundland 
and  1  SOOofFWilliamsport,  Newfoundland,  or 
a  total  of  2  370  fin  whales.  The  maximum 
number  of  northwest  Atlantic  fin  whales 
would  then  be  at  least  4  500  with  a  MSY  of  193 
animals  (Allen,  1973). 

No  estimates  of  the  number  of  fin  whales 
occurring  off  west  Greenland  have  been  made. 


Sei  whak 

Northeast  Atlantic 

From  1885  to  1904  15  326  whales  were 
caught  off  north  Norway,  and  of  the  10  81S 

which  arc  specified,  2  826  were  sei  whales 
(Commiiiee  for  International  Whaling  Statis- 
tics. 1931).  Allowing  for  25  %  lost  at  sea,  and 
using  formula  (2)  about  S  000  sei  whales  are 
estimated  to  have  been  killed  ofif  north  Nor- 
way in  this  period. 

According  to  JonsgArd  ( 1974),  sei  whales 
are  seldom  seen  so  far  north  nowadays,  which 
is  confirmed  by  the  fact  that  only  3  animals 
were  caught  from  1948  to  1972,  when  the  shore 
station  in  north  Norway  was  in  operation.  He 
also  gives  the  information  that  sei  whales  were 
rather  plentiful  off  western  Norway  during 
and  alter  the  Second  World  War,  but  since  the 
sixties  very  few  have  been  observed  (Jonsgllrd, 
1974).  Jonsgird  concludes  that  although  this 
species  is  kiiins  n  tor  its  irregular  occurrence,  it 
cannot  be  denied  that  its  disappearance  may 
be  caused  by  over-exploitation.  Jonsg^rd 
mentions  that  only  1 824  sei  whales  have  been 


reported  caught  in  the  northeastern  North  At- 
lantic in  the  period  from  1946  to  1970  (Norway 
-  220,  Faroe  Islands  -  224,  Iceland  -  840),  or 
an  average  of  SI  animals  per  season.  If  catdies 
of  this  order  have  harmed  the  stocks  of  sei 
whales,  it  could  safely  be  concluded  that  the 
sei  whale  stocks  just  after  the  Second  World 
War  were  very  small  (Jonsg^rd,  1974). 

Another  and  more  likely  explanation, 
according  to  JonsgSrd.  may  be  that  their  route 
of  migration  has  altered.  This  explanation  is  in 
accordance  with  report  of  plentaftal  sei  whales 
off  the  coast  of  western  Norway  during  the 
Second  World  War  (Jonsgard,  1974).  It  is 
also  supported  by  the  fact  that  sei  whales  have 
been  caught  much  more  fivquently  offlceland 
since  1948,  as  compared  with  the  period  from 
1883  to  1915  (sec  IDEN I  IFICATION  OF 
BREEDING  POPULATIONS  -  Sei  Whale). 

Northwest  Atlantic 

Mitchell  (1974b)  estimates  the  number 

of  sei  whales  in  the  Nova  Scotia  fishery  to  be 

1  856  in  1966.  trorn  marking  and  recapture.  A 
census  m  1969  gave  828  sei  whales  in  the  La- 
brador Sea  (MitcheO*  1974b). 

Mimke  whaks 

Estimates  of  minke  populations  from 
ship  census  data  involves  ditlerent  dUliculties 
from  other  mysticete  species.  Minke  whales 
laid  to  approach  ships,  especially  stationary 
vessels,  while  most  other  mysticetes  tend  to 
avoid  or  ignore  ships  at  comparable  ranges. 
This  "ship-living"  tendency  introduces  an  im- 
portant bias  into  resulting  data  that  is  related 
to  the  size,  type  and  acoustic  characteristics  of 
the  survey  vessels,  and  to  other  features  (Mit- 
cheU,  1974a). 

Jonsgird  (1974)  writes  that  the  annual 
total  Norw  egian  catch  of  minke  whales  in  the 
North  Atlantic  increa^icd  from  a  httle  less  than 

2  000  animals  at  the  end  of  the  Second  World 

War  to  4  338  in  1958,  and  thereafter  decreased  283 
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to  2307  in  1970.  He  points  out  that  this  de- 
crease is  mainly  due  to  the  fact  that  the  num- 
ber of  licences  was  gradually  reduced  by  the 
Norw^jan  Oovemment  fhmi  183  in  1960  to 
1 18  in  1970,  resulting  in  a  slight  increase  in  the 
catch  per  boat  during  the  sixties.  In  the  prehm- 
inary  analysis  by  Solvik  and  Jonsgard  (1974) 
whcm  the  catches  for  differeiit  ''old"  whaling 
areas  in  the  Northeast  Atlantic  are  shown,  and 
catch  per  unit  effort  is  corrected  for  weather 
conditions,  it  is  concluded  that  the  stock  of 
minke  whales  in  the  eastern  North  Atlantic  has 
not  decreased  significantly  during  the  period 
1960-72. 

No  slock  estimates  and  MSY  for  the 
Northeast  Adantic  minke  whales  are  available 

up  to  now  [1974],  mainly  because  of  the  diffi- 
culties involved  in  having  usable  parameters 
fpr  stock  assessment. 


A  catch  of  about  35  minke  whales  per 
annum  for  15  years  has  been  taken  ofT  New- 
foundland, but  there  are  no  good  estimates  of 
the  stock  size  available  (Mitdaell,  1974a). 


Addendum 

The  Minke  Whale  Working  Group  of 

the  Scientific  Committee  of  the  fwc  HWC, 
1977)  concluded  that  the  best  estimate  of 
North  Atlantic  minke  whale  numbers,  trased 

on  markings  of  the  Svalbard-Norway  -  Bri- 
tish Isles  stock,  is  5U  952  animals,  with  a  95  % 
confidence  interval  of  26  895-100  172.  A  year- 
ly quota  of  1  790  (for  1977,  1978  and  perhaps 
1979)  gives  an  exploitation  rate  of  3.5  %  with  a 
95  %  confidence  interval  ran'jins  from  1.8  %  to 
6.7  %  (Chrislensen  and  Rorv  ik,  1978). 
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Abstract 

Using  direct  (sight  counts)  or  indirect  (assessment  of  morlalitv)  methods,  this  document 
allcmpis  tu  cvalualc  the  cetacean  populations  in  the  northern  part  ol  the  wesiem  Mediterra- 
nean basin  (300000  km'):  Balaenopiera  physafus  —  I  200;  Physetet  maerocqihalus  -  600; 
Tiirsiop';  tninralus  (neritic)  3  5(K):  Dclphiniis  delphis  —  70000;  Stenella  coeruleoaiha  — 
4  000;  Ziphius  caviruslris  -  1  250;  Glubkephala  melaena  —  1  350;  Grampus  griseus  -  7  500. 

We  shall  show  the  effect  of  the  ecological  characteristics  of  the  western  Meditenranean 
on  the  cetaceans  inhabiting  it.  The  nsh-eating  delpbinidae  travel  between  the  sooth  of  the 
ba^in  in  winter  and  the  north  in  summer. 

Two  herds  of  common  rorquals  frequent  the  Mediterranean.  One,  arriving  in  spring- 
time. use>  the  nt)rth  of  ihe  ha>in  as  its  feedins.'  area.  it>  diet  being  c<irnposed  mainlv  of 
Euphausiaceae,  the  other  comes  lo  (he  area  in  wmter  and  lue^  the  norlheastem  part  of  the 
baan  as  a  breeding  area. 

Rorquals  are  exploited  in  the  Ba\  of  Biscay  (about  100  catcher  per  year). 

The  number  of  cachalots  is  small.  They  were  and  continue  to  be  heavily  exploited  olTthe 
Atlantic  coasts  of  Spain  (Vigo).  The  depiction  of  the  Mediterranean  cachalot  stock,  although 
all  exploitation  at  Gibraltar  has  ceased,  suggests  a  relation  between  the  stodc  exploited  at  Vigo 
and  that  of  the  Mediterranean. 

Ziphius  are  relatively  abundant.  The  northwestern  Mediterranean  seems  lo  be  favou- 
rable to  them.  In  winter  they  fmd  satisfactory  trophic  conditions  near  the  coast  betw  een  0  and 
20  m;  production  is  not  higher  in  winter  than  in  summer,  but  is  distributed  in  a  euphotic 
stratum  ten  limes  less  thick,  making  a  higher  performance  possible  of  the  consuming  trophic 
levels  by  decreasing  the  levels  of  energy  expended  in  ilie  >earch  for  food.  The  young  are 
dropped  in  winter.  In  the  summer  the  animals  probably  live  on  dermersal  cephalopods  in  the 
central  areas  of  the  Mediterranean:  in  fact  their  stomach  contents  have  revealed  species  which 
do  not  appear  in  the  list  of  the  more  common  species. 

Stendla.  which  were  considered  mtreqiieni  until  1970.  arc  predominant  io  the  annual 
landings.  Most  of  the  carca.vses  found  .itc  tho\e  ot  suckling  young. 

The  main  interactions  between  ilie  different  competing  species  arc  those  of  competition 
between  plankton-eating  sharks,  small  l.uphausuiccac-eating  bathyul  selaeians,  and  ol 
man.  An  evaluation  offish  and  cephaiopod  catches  by  fisheries  shows  that  man  lakes  away  the 
same  average  quantity  of  epipclagic  fish  per  da\  as  do  tlsh-eating  cetaceans  (or  1/8  of  daily 
fish  production),  and  one  half  the  quantiiv  of  eephalopods  taken  by  cetaceans.  The  western 
Mediterranean  seems  favourable  to  cuttlerish-eatiiig  cetaceans,  since  the  stock  depleted  by 
catdies  on  the  coast  of  Spain  arc  allowed  to  reconstitute  themselves.  In  the  present  state  of  our 
observations  it  seems  that  the  Balacnoptera plnsalus  stcnrk  shmv  -  t  slii-lK  recoverv'  since  1974: 
^)n  the  other  hand,  the  cachalot  remains  the  rarest  of  all  Mcduen  anean  cetaceans  at  present, 
w  hereas  formerly  it  was  common.  The  small  Dclphinidae  have  decreased  greatly  in  number 
along  the  European  coasts  but  seem  to  be  more  abundant  in  the  past  few  years  on  the  coasts  of  287 
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Arrica  and  southern  Spain,  whkh  may  point  to  a  shift  of  population  due  10  the  pollution  ofthe 

northern  Mediterranean. 


Par  des  mdhodes  directes  (comptugc  ^  vue)  ou  indirectes  (Evaluation  de  la  mortalili). 

ce  travail  tenlc  um-  c\  ;i!u,iiion  dcs  cfTectifs  de  cetaces  dans  la  partic  nord  du  bassin  occidental 
mddiierran^en  (30U  UOU  km  ):  Balaenoptera physalus  —  1  200;  Physeiermacrocephalus  -  600; 
1\ir«t^  tnincatus {nit\\\(\uc)  -  3  SOD;  De^inusde^is  —  70000;  Stenetla  coemleoaUta  - 
4000;  Zphius  cavirosiris  -  1  250;  Ghbicephala  melaena  —  1  350;  Grampus  ^riseus    7  500. 

Nous  mettons  en  Evidence  Taction  des  caract^ristiques  dcologiques  de  la  Mcdiicrrance 
occidentale  sur  les  cEtacds  qui  la  fr^uentenl.  Les  Delphinidae  ichtyophages  se  deplacent 
entre  le  sud  du  basrin  en  hiveret  le  noid  du  bassin  en  ete. 

Deux  troupcaux  de  rorquals  communs  uliliscnl  la  Mcdiicrrance:  I'un  arrivani  au  prin- 
lemps  utilise  le  nord  du  bas>>in  comme  zone  aiimeniaire;  la  nournturc  esi  aluis  coniposee 
essentiellement  d'euphausiac^.  L'autre  est  prtsent  Thiver  et  utilise  la  partie  nofd-est  du 
bassin  commc  zone  dc  rcproducii(in 

Les  rorquals  sont  exploites  en  Biscaye  (une  ceniainc  dc  captures  par  an). 

Les  cachaU»tt  sont  peu  nomlmux;  ils  ont  €th  exploit^  intensEment  et  continuent  de 
rStre  sur  ic--  e'-'es  atlantiques  d'Espagnc  (V'ipo).  La  d^pl^tion  du  troupcau  dc  cachaldis 
m^diterruneens  alors  que  toule  exploitation  a  cessc  a  Gibraltar  suggere  une  reiauon  entre  le 
trottpeau  exploits  k  Vigo  et  le  troupeau  mtditerranien. 

Lcn  '/iphius  sor\{  rclativcment  abondants;  la  Medilcrranee  nord-nct  itlcnlalc  scmbic  Icur 
£tre  favurablc.  En  elTel,  lU  irouvcnt  I'hivcr  dcs  conditions  Irophiqucs  satisfuisantcs  pres  des 
o6tes  entre  0  et  20  m:  la  production  n'est  pas  $u  pirieure  Thiver  it  celle  de  titi.  mats  est  r6partie 
dans  une  OOUche  euphotique  dix  foismoinsepaiss<:  re  qu;  piiiiKr  i;r  rendcnient  •Niipcriciir  des 
iuveatlx  tn^hiques  consonunateurs  en  diminuant  les  depenses  energetiques  liees  a  la  recher- 
che de  la  nouftiture.  Les  intscs  has  se  font  en  hiver.  VM  les  animaux  vivent  piobablement 
dans  Ics  /uncs  centrales  dc  la  Mcditcrrancc.  au\  dcpens  des  cephali  i[m  Jt  ^  ni  iifonds;  cn  effel 
leurs  contenus  stomacaux  nous  ont  montr^  des  especes  qui  ne  flgurcnt  pas  dans  la  lisle  des 
esptees  les  pitis  communes. 

Les  Sienella.  consideres  rares  jusqu'en  1970.  deviennent  preponderants  dans  les 
^houdges  annuels.  La  majority  des  cadavres  sont  des  jeunes,  encore  allait^. 

Les  interactioiis  majeures  entre  1<»  diverses  esptaes  concurtentes  sont  la  competition  des 
requins  planctonophagcs,  celle  dcs  petits  silacieos  bathyaux  mangcurs  d'cuphausiaccs.  et 
celle  de  Thomme.  Une  Valuation  des  prises  de  poissons  et  de  c^phalopodes  par  les  pecheries 
indique  que  Thomme  prdl^ve  par  jour  en  moyenne  la  m£me  quantity  de  poissons  t^pipd-lagi- 
ques  que  les  cetaces  ichtyophages  (soit  1/8  dc  la  producliun  journalicrc  de  poissons).  et  une 
quantitt^  dc  ct^phalopodes  moiti^  de  celle  prcilevde  par  Ics  cctacc's.  La  Meditcrranic  occiden- 
tale sembic  favorable  aux  c«itac6s  teuthophages,  dans  la  mesure  oil  on  laissc  sc  rcconstituer  les 
Stodts  deprimes  par  les  ponctions  sur  les  cOtes  d'Espagne.  Dans  Fitat  actuci  de  nos  observa- 
tions, il  scmble  (jiic  le  troupcan  de  Bulacnoptera  phvsaius  montre  une  leuerc  recrudescence 
depuis  1974;  par  conuc  ie  cacnaloi  rcsic  ie  plus  rare  de  tous  les  celaees  nieditcrianccns  a 
llieure  actuelle,  alors  qu'il  a  iti  commtm.  L«  petits  Delphinidae  om  heaucoup  diminuc  en 
nombre  au  large  des  c(Stes  curop^ennes,  mai.s  nous  sembleni  plus  abondants  ces  dcrnicrcs 
ann^es  sur  les  cotes  africaines  el  d'Espagne  du  sud,  ce  qui  pourrait  indiquer  un  transfert  de 
population  du  fait  de  la  pollution  nord'tn^temnienne. 

jExftvcfo 

En  cste  tnibajo  se  tma  de  realizar  una  evaluadta,  mcdiaaic  m^todos  directos  (recuento 
288    a  qjo)  o  Indirectos  (evaluaddn  de  la  mortalidadX  de  las  pobladones  de  ceticeos  en  la  pane 
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septentrional  de  la  CUenca  del  Mediterrdneo  occidental  (300  000  km^):  Balaenopiera  physaha 
-  I  200;  Physeter  macrocephalus  -  600;  Tursiops  truncatus  (neritico)  -  3  500:  Delphiniis 
delphis  -  70  000;  Stcnella  coerulcoalha  4  000;  Ziphius  cavirosiris  -  1  250;  Globkephala 
mdama  —  1  350;  Grampus  griseus  -  7  500. 

Poncmos  dc  relieve  la  acci6n  dc  las  caractcristic;i<;  ecoltSgicas  del  Mcditcrranco  cKvi- 
dental  en  los  celiceos  que  viven  en  sus  aguas.  Los  delfincs  ictiofagos  se  mueven  entre  el  sur  de 
la  cuenca  en  invierno  y  el  none  en  verano. 

Dos  rchanos  de  rorcualcs  cumiinc^  frcciicnt  in  rl  Mediicrraneo:  uno  ilcga  en  primavcra. 
y  aprovecha  la  pane  norte  de  la  cuenca  conio  zona  alimeniaria;  su  alimentacion  &e  compone 
esendalmente  de  eufauaiteeos.  El  otro  se  presenta  en  inviemo  y  utIHza  la  parte  nofdoriental 
de  la  cuenca  como  zona  dc  rcproduccion. 

La  caza  del  rorcuai  sc  praciica  en  Vizcaya  (un  ccnicnar  de  capluras  ai  ano). 

Los  cachalfites  no  son  muy  abundantes;  han  side  y  son  explotados  faitensamenle  en  las 
cosias  atl;iniicas  dc  Pspana  (Vigo),  l  a  dcpaupcracion  del  rcbano  dc  lo*.  chachalolcs  del 
Mediterraneo,  babiendo  cesado  &u  expiotacidn  en  Gibraltar,  denota  una  relacion  entre  el 
rebaflo  explotado  en  Vigo  y  el  rebafto  del  Mediterrftneo. 

Los  Ziphius  son  relativamente  abundantes;  parece  ser  que  la  parte  nordoccidental  del 
Mediterraneo  les  es  favorable.  En  efecto,  en  inviemo  esta  zona  les  ofrece  condiciones  ir^ficas 
salisfactorias  ccrca  de  la  costa:  entre  0  y  20  m;  la  produccidn  obtenida  en  inviemo  no  es 
superior  a  la  del  veiano,  pero  se  distribuye  en  una  capa  eufdtica  diez  voces  menos  espesa,  lo 
que  hacc  posible  un  rendimienio  superior  de  los  nivcles  troficos  dc  consumo  di'-tniniivcndo 
lo&ga^tlos  dc  cnergia  inhcrcnlc^  a  la  busqueda  del  <ilinu-nto.  El  desove  se  rcali/a  en  invierno. 
En  verano  los  animates  viven  probablemenie  en  las  /onas  centrales  del  Mediierrineo,  a 
expcnsas  de  los  cefalopodos  de  aguas  profundas;  dc  hccho.  en  sus  contenidOS  estonutcalcs  SC 
han  dctcciado  cspccics  que  nu  figuran  enirc  la&  ciipccies  ma:>  comuncs. 

Los  SteneUot  oonsiderados  laros  hasia  1970,  Oegan  a  ser  pieponderanles  en  los  enca> 
llamlentos  annales.  La  mayotta  de  los  cadivercs  son  de  animales  j6venes»  todavia  en  fase  de 
cria. 

Las  principales  interaociones  entre  las  diveisas  especies  rivales  son  la  oompetenda  de  los 

cscualos  pi  inctnf.ii'os.  la  dc  los  pequcrtos  selaceos  de  aguas  profundas  devoradorcs  dc  cufau- 
siaccus,  y  la  del  humbrc.  La  cvaluaciun  dc  laa  capturas  de  peccs y  de  ccfal6podos  indica  que  el 
hombre  captura  al  dfai,  por  tirmino  medio,  la  misma  cantidad  de  peces  epipelagicos  que  los 
ccliccos  iLtiofagos  fcs  decir  1/8  de  la  pnKluccion  diaria  de  peces).  \  un.i  cantidad  dc  cclalo- 
podos  igual  a  ia  mitad  de  la  que  devoran  los  cetaceos.  £1  Mediterraneo  occidental  parece  ser 
favorable  a  los  oetAccos  qae  se  aHmentan  de  calamares  en  la  medida  en  que  pcrmite  que  se 
reconstituyan  las  poblaciones  depauperadasdebidasalanteitsa  explotacicSn  en  las  costasde 
tspana.  En  el  estado  actual  dc  nuestras  observaciones.  parece  que  la  poblacion  dc  Balaenop- 
iera physalus  experimenta  una  ligera  recuperacion  dcsde  1974;  por  el  contra  no,  el  cachalolc 
COada&a  siendo  el  mas  cscaso  dc  todos  los  cetaceos  mediterraneos  cuando  en  un  tiempofue 
una  especie  comiin.  Ha  disniinuido  muclm  cl  nunieri'  de  Irs  dclfines  jovetics  frcnic  ;i  l:is  costas 
curopeas,  pero  parece  que  son  mas  abundantes  en  esu>s  ulimios  anos  en  las  cosias  alricanas  y 
del  sur  dc  Espaila,  lo  que  parcceria  indicar  un  traslado  de  la  poUaddn,  debido  a  la  contami- 
nacidn  de  la  parte  septentrional  del  Mediterr&neo. 
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Facteiirs  ^ologiques  dii  btnill  ■0f#> 
occidentai  mbdiUtno/bm 


extfnsion  g(^ooraphique  de  l'fico- 
systEmeCtudiE 

La  Miditeifande  ooddeatale  oonstitoe 

un  hassin  relativement  isolc,  par  des  seuils,  du 
bassin  oriental  et  des  regions  atlantiques  adja- 
centes  (lusitanienne  au  nord,  mauritamenne 
au  sud).  Ces  seuils  ne  sont  pas  des  barriftres 
pour  les  c6tac6s,  qui  effectuent  des  d^place- 
ments  entrc  ccs  regions  atlantiques  et  la  Me- 
diterranee  occidcntalc;  ics  echan^es  avec  le 
bassin  oriental  sont  beaucoup  moms  certains 
et  certaines  esp^-ces  constituent  des  popula- 
tions endemiques  {Dclphiniis  de  mer  Noire; 
Phocaena  present  dans  k  bassin  oriental  et 
absmt  dans  le  bassin  ocddental). 

L'individualitd  du  bassin  occidental  ap- 
para'ii  dans  son  hydrologie  et  dans  la  dynami- 
que  de  sa  production  organique.  II  s'ensuit  que 
toutes  les  esptees  de  o6tao6s  ont  teor  biologie 
influenc^e  par  les  conditions  physico-chimi- 
ques  et  trophiques  de  ce  bassin  fcr.  para  )-3) 

Notre  etude  porte  sur  la  partie  du  basi>iu 
situ^  au  nord  du  40^me  parallftle,  et  plus 
sp6cialement  sur  les  2/3  nord-est  de  cette  zone, 
comprenant  la  haute  Tyrrhenienne,  la  mer 
Ligure,  et  le  nord  du  bassin  aIg6ro-proven9al. 
Pour  la  paitie  nord-ouest  du  bassin  nous  avons 
utilise  les  travaux  de  la  Commission  de  ceto- 
logie  de  Barcelone.  Cependant  cette  iimite  la- 
titudinale  arbitraire  ne  reflate  pas  la  structure 
de  Tecosyst^me,  et  par  suite  ne  permet  pas 
d'expliquer  les  dcplaccmenls  des  cctaces;  nous 
avons  done  ete  amenes  a  considerer  egalement 
les  conditions  thermiques  et  trophiques  de  la 
paitie  sud  du  bassin. 

Facteurs  abiotiques 
Structure  hytbvlogique 
Quatie  masses  d*eau  difr(6Tentes: 


Eau  atlantique:  pcnctrc  par  le  seuil  de  Gibral- 
tar, en  formaiu  un  courant  superficiel 
est-ouest,  le  courant  algehen,  dont  une  bran- 
die  «  alg^ro-proven^ale  »  traverse  le  bassin 

vers  la  Sardaignc  ct  vers  la  Corse  au  niveau  de 
laquelle  il  sc  divise  en  trois  branches  (salinite 

infericurc  a  38,4  %<,). 

Eau  orientale  (38,5  a  39  %o):  peneire  par  le 
seuil  de  Sicile  et  la  Xyrrli6niemie»  et  oonstitue 
t'eau  mtemiidiaire  de  notre  zone. 

Eau  amtinentak:  d'origine  fluviale,  surtout 

importante  au  niveau  du  Rhone  oil  clle  forme 
un  courant  \crs  Ics  Balcarcs  ct  un  contrc-cou- 
rant  le  longdu  RoussiUon  (caractere  important 
pour  la  dispersion  des  poUuants  apportte  par 
le  Rhone);  ces  eaux  se  melent  aux  eaux  m6di- 
terraneennes  du  courant  Catalan. 

Eau profonde  (S  =  37.5  %c:  T  ±  13");  se  forme 
par  refroidissement  de  I'eau  superficiel Ic  dans 
la  partie  septentrionale  du  bassin,  et  plunge 
sous  les  eaux  intcrm^diaires.  Temperature  de 
13°  jusqu'au  fond. 

La  structure  hydrolopiquc  cn  conditions 
stables  est  done  a  trois  couches;  eau  superfi- 
cielle,  intermddiaire  et  profonde.  Cette  struc- 
ture s'interrompt  au  niveau  de  quatre  zones  de 
divergence:  ligure,  proven9ale,  catalane  et 
nord-Baleares,  creees  par  des  courants  cyclo- 
niques  entrainant  des  remontees  d'eau  pro- 
fonde, done  des  enrichissements  en  sels  nutri- 
lifs.  Ces  phenomenes  d'upwellings  se  situent 
difleremment  suivant  les  saisons,  et  leur  posi- 
tion precise  determine  a  chaque  saison  la  lo> 
calisation  des  cetac^s. 

r.n  fin  d'hivcr  les  rcjiions  coticrcs  sont 
favorables  a  la  production  phyto-  et  zoo- 
planctonique,  mais  sont  d^favons^es  par  leur 
pauvrete  en  sels  nutritifs.  Au  ddbut  du  prin- 
temps  les  sels  nutritifs  remontent  au  niveau 
des  divergences,  et  se  repandent  par  force 
centrifuge  vers  les  zones  odti^res;  ils  se  trou- 
vent  alors  dans  des  eaux  assez  stables  pour 
permcttre  la  production.  En  debut  d'ete.  la 
stabilite  gagne  ce  centre  du  bassin,  et  T^puise- 
ment  des  regions  cdtiires  et  intenn^diaires  re« 
pousse  les  fortes  productions  vos  les  centres 
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de  divergence.  En  fin  d'ete,  les  domes  de  pro- 
ductivite  s'cnfoncent  a  50  m  ct  la  productivity 
maximalc  dcvicnt  taiblc  en  raison  du  manque 
delumiftre. 

Conditions  thermiques 

Le  golfe  de  Gtoes  est  le  centre  d*une 

depression  cyclonique  qui  est  a  I'origine  de 
vents  violents,  determinants  pour  les  courants 
de  surtace;  la  vallee  du  Rhone  apporle  des 
masses  d*air  fh)id  susdtant  la  fonnataon  d'eau 
froidc,  mais  insuilisaiites  pour  cr£er  des  up- 
wellings  cotiers  susceptibles  d'enrichir  le 
milieu:  en  efTet,  les  caux  intcrmediaires  sont 
oligotrophes. 

Les  variations  saisonnidres  de  la  tempe- 
rature de  Teau  ne  se  font  pas  selon  un  gradient 
latitudinal:  en  eiTet,  la  presence  du  golfe  du 
Lkm  soumis  h  un  refroidissement  par  les  vents 
et  par  la  partie  montagneuse  de  la  Catalogne 
entraine  une  dissym^trie  des  parties  est  et 
Quest  du  bas&in.  Line  diagonale  joignant  la 
o6te  marocaine  i  Gtoes  en  passant  par  le  sud 
des  Bal^ares  isole  la  partie  nord-ouest  du  bas> 
sin,  qui  se  r^chaufTc  plus  tardivement  au 
printemps  et  se  rcfroidit  Uavantage  en  hiver 
(10  k  13"C)  que  la  partie  sud-est,  qui  reste 
douce  en  hiver  (17  k  18°).  Ces  temperatures 
sont  determinantes  pour  les  d^placements  de 
Delphinus  delphis  et  de  Tursiops  iruncatus,  qui 
se  maintiennent  dans  des  eaux  comprises  entre 
18et23^avecoptimuma  19''(Viale,  1977).  Les 
d6placements  de  ces  Dclphinidae  suivent  la 
progression  des  temperatures  de  I'eau  superfi- 
cielle  au-dessus  de  18"*  et  au-dessous  de  23*. 
Les  animaux  se  trouvent  dans  le  sud-est  du 
bassin  occidental  en  hiver,  et  dts  fdvricr 
amorcent  une  remontee  vers  la  Sardaigne  et  la 
Coise,  qu*Us  atteignent  en  mafs»  puis  vers  la 
haute  Tyrrhenienne  en  avril;  ils  simt  nom- 
breux  a  partir  de  mai-juin  dans  le  golfe  de 
Genes  et  sur  la  Cote  d'Azur,  puis  en  aout  sont 
plus  nombrmn  dans  les  rigicMs  omtrales  au 
laree  de  la  Provence  et  du  colfe  du  Lion  Entre 
fm  scptembrc  et  novemhrc  Ics  temperatures 
superricielles  inferieures  a  18  apparaiisent 
daiis  le  nofd  du  bassin,  et  les  deux  esptees 


migrant  le  long  des  ofttes  d'Bspagne  ou  de 
Corse  et  de  Sardaigne.  vers  le  sud  du  bassin; 
leur  densite  fm  septembre  dans  la  mer  de  Ma- 
laga est  10  fois  supdrieure  k  celle  des  zones 
centrales  du  nord  en  aoAt;  I'eau  est  alois  k  19". 
Plus  tard  en  hiver  les  temperatures  inferieures 
A  17"  gagnent  le  sud-ouest  du  bassin  alors  que 
la  partie  sud-orientale  reste  plus  diaude:  la 
region  sicilo-tunisienne  constitue  alors  un  re- 
fuge pour  les  cetaces,  particulierement  pour  les 
especes  qui  utiiisent  la  Mediterranee  comme 
zone  de  reproductbn  (Balaenoptem  ptysaba, 
Physeter  macrocqthahis). 

Ce  deplacement  saisonnier  correspond 
egalcmcnt  a  un  deplacement  des  conditions 
trophic^ues  k  l*int£iieur  du  bassin,  puisque  les 
refroidissements  et  les  enrichissements  orga' 
niques  sont  li^. 

Facteurs  biotiques 

Conditions  trophiques 

En  hiver  les  conditions  de  stabilite  hy- 
drologique  neccssaircs  a  la  photosynthese 
planctonique  se  trouvent  pr&s  de  la  odte,  et  cela 
rend  compte  des  observations  de  cetaces  tels 
que  7iphius  caviroslris  pr^s  de  la  cote.  Au  de- 
but du  prmtemps,  alors  que  les  regions  cotieres 
ont  £puis6  leuis  sels  nutritifs  et  deviennent 
oligotrophes,  la  stratification  gagne  le  large  et 
atteint  les  zones  intcrmediaires  enrichies  par 
les  divergences  el  oii  se  produisenl  de  fortes 
poussees  phytoplanctoniques  (mars-avril);  ce- 
la determine  en  mai-juin  un  maximum  de 
production  zooplanctonique  dans  le  golfe  de 
Genes,  au  large  de  la  Corse,  de  la  Sardaigne  et 
de  la  C6te  d'Azur.  En  6t6  les  plus  fortes  pro- 
ductions ont  lieu  aux  centres  des  divergences, 
et  eiles  s'enfoncent  avec  la  theimocline  jusqu'a 
50  m. 

On  connalt  encore  mal  ce  qui  se  passe  en 

fin  d'ete  et  debut  d'automnc  pour  la  produc- 
tion prim  aire  et  secondaire. 

Mmas  (1968)  a  mesure  la  variation  an- 
nuelledelaproductivttiil4Smillesaulargede  291 
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Marseille,  ct  trnvive  560  mg  C/m'/jour  en 
avril,  250  en  juin.  1 1 1  en  septembre,  108  en 
decembre.  En  juin,  k  maximum  de  producti- 
vit6  se  tiouve  SO  m  de  profondeur  car  la 
couche  superficielle  a  etc  videc  dc  scs  sels  nu- 
tntils.  En  septembre  le  maximum  d'abondan- 
cc  planclomque  se  trouve  enlre  75  et  100  m.  En 
dteembre  la  productivity  est  la  mfime  qu'en 
septembre  mais  son  maximum  est  remont^ 
entre  0  et  10  m.  et  est  limite  au-dessous  par  le 
manque  de  lumi^re. 

La  pfoductivit^  primaire  printaniire  en 
M^ditcrranee  nord-occidentale  est  importante 
mais  la  biomasse  constituee  se  reparlit  dans 
une  couche  euphotiquc  epaisse,  et  par  suite  la 
production  seoondaire  est  faible  (Minas, 
1968):  une  partie  importante  de  I'energie  asa- 
milee  par  Ic  /ooplancton  sert  a  ses  d^place- 
mcnts  pour  la  recherche  du  phytoplancton.  La 
biomasse  zooplanctonique  au  prin  temps  est  de 
500^  1  OOOmg/m'ala  c6te,  1  600  mg/nr  dans 
les  zones  interm^diaires,  500  mg/m~  au  centre 
du  bassin. 

La  forte  diminution  de  Tepaisseur  de  la 
couche  euphotique  pendant  Thiver  est  inte- 
ressante  pour  les  c^taces  planctonophages.  Le 
double  efTet  de  la  locabsation  de  la  couche 
productive  entre  0  et  20  m  et  du  deplacement 
vers  les  cotes  des  conditions  favorablcs  a  la 
production  phytoplanctonique  explique  le 
rapprochement  de  la  odte  des  calmars,  que  Ton 
p6che  essentiellement  en  hiver*  en  surface, 
entre  la  Corse  et  la  Toscane.  Fn  cons^uence, 
les  cetaces  teulhophages  «ont  egalement  plus 
abondants  prds  de  la  cdte  k  oette  ^poquc  (Zi- 
phius,  Gnmpus). 

Les  variations  nycthemerales  dc  la  bio- 
masse mesoplanclonique  sent  ncgligeables; 
elles  sont  faibles  pour  le  macioplancloa,  et 
d'un  ordre  de  1  a  10  pour  le  micronecton  (Ra- 
zoulsetThiiiot,  1973). 

Utilisation  de  I  'ecosysteme  par  les  cetacis. 
Leurs  reseaux  trophiques 

Le  deplacement  saisonnier  des  c6tac6s 
vti  M^terrante  occidentale  corresp<md  k  ce> 


lui  des  conditions  trophiques  a  I'interieur  du 
bassin.  Le  sud  de  ce  dernier  est  constamment 
enrichi  par  rarrivee  d  eau  oceamque  el  les 
producbvitte  primaire  et  seomdaire  y  sont 
importantes  toutc  Tannee:  cependant  les  Del- 
phinidae  en  sont  repousses  en  ete  par  les 
temperatures  supcrficicUes  trop  ^levees,  et  se 
d6piacent  vers  le  nord  ou  vers  la  mer  d'Albo- 
ran.  Dans  la  partie  nord  du  bassin  la  circula- 
tion gcostrophique  engendre  des  upwellings 
saisonnicrs,  maxima ux  en  fin  de  phntcmps  et 
ddbut  d*6t£,  qui  fonctionnent  lour  k  tour  ainst 
que  nous  Pavons  expose  plus  haut.  Les  c^tac^s 
utilisent  tour  a  tour  ces  divergences  1  e  dephi- 
cement  des  celac^s  n'a  pas  etc  mis  en  evidence 
aussi  nettement  pour  les  autres  espdces  que 
pour  Delphinus  el  Tursiops.  Cependant  des 
missions  d'observaiion  en  aout  situent  au  ni- 
veau de  la  divergence  proven^ale  5  especes  sur 
les  6  fr6quentant  les  eaux  du  luge:  Defyhinus, 
Stenella,  (i rumpus,  Glohicephala,  Balaenopte' 
ra,  alors  que  ces  especes  s'ohservent  essentiel- 
lement en  mer  Ligure  en  juillel.  Les  balci- 
noptftres  utilisent  la  partie  nord-occidentale  du 
bassin  toute  I'annce.  mais  avec  un  trfuipeau 
d'hiver  ct  un  troupeau  d'ele  dislmcls  (cl.  Ba- 
laenoptera  physalus);  its  consomment  en  4ltt  du 

zooplanclon  et  du  micronecton.  Les  6chantil- 
lons  de  micronecton  preleves  au  filet  se  r6v^- 
lent  constitues  de  12  %  de  poissons,  5  %  de 
d^capodcs  Natantia,  59%  d'eupbausiaods, 
24  %  d'hyperiens.  Dans  les  cchantillons  d*eUo 
phau-siaces  prelc\  cs  en  Mcditerranee  on  trou- 
ve Euphamia  krohmi  (65  %),  Meganyctiphanes 
norvegiea  (\1  %),  Nematoscefis  megalop.s 
(14  %)  et  n'.  atlaniica  (4  %)  (Goy  et  Thiriot, 
1976).  Casanova-Soulicr  (1968)  a  montre  que 
Meganyctiphanes  norvegiea  est  beaucoup  plus 
abondante  au  niveau  des  zones  de  divergence, 
qu'elle  a  la  fertility  la  plus  forte  mais  que  la 
reproduction  cesse  pendant  les  mois  chauds. 
D'autre  part,  Goy  ct  1  hiriot  (1976)  oni  montr^ 
que  oette  e$pk«  est  surtout  pr^sente  dans  le 
golfe  de  Genes.  Les  analyses  de  contenus  sto- 
macaux  de  baleinoptdres  captures  accidentel- 
lement  montrent  essentiellement  des  Mega- 
nyctiphanes. Cette  esp^ce  donne  lieu  k  des 
phteomtees  d'essaims  impcutants  dont  Thi- 
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riot  (com.  pers.)  pense  qu'ils  sont  lies  a  la  re- 
production: 80  %  dc  fcmellcs.  Cependant  les 
deasit^s  maximalcs  cn  nier  Ligure,  telles 
qu*e8tim6es  d'aprts  les  prelivements  au  filet, 
sont  dc  rordre  de  Pindividu  par  litre,  density 
incompatible  avec  I'entreticn  d'un  troupeau  de 
baleinopt^res  lei  qu'estime  par  les  observa- 
tions directes.  Ces  animaux  ne  son  t  pas  oomme 
les  baleines  Tranches  des  flltreurs  passifs,  mais 
doivent  s'alimenter  par  comportenient  actif 
aux  depens  d'essaims  tels  qu'il  en  cxiste  pro- 
bablement  au  niveau  des  DSL.'  La  oonnais- 
sanoe  de  ces  demi^res  en  Mediterrandc  ap- 
portera  certainemcnt  des  elements  de 
comprehension  de  I  deologic  de  ces  celaces.  On 
conniilt  di}k  la  biomasse  considerable  consd- 
tucc  par  les  poi.ssons  micronectoniques  dans  le 
nord  du  bassin  mediicrr;inccn  (Sardous.  com. 
pers.);  c'esl  probablemcni  aux  depens  de  cette 
biomasse  que  les  baleinopt^res  survivent 
l*hiver. 

Les  cetacc'N  tcuthopha<jes  {Ziphiiis,  Phy- 
seter.  Grampus,  ijiohn  cphulu)  consommenl 
des  o^phalopodes  pelagiques  (Todorodes  sa- 
gittatus.  T.  eblanac,  Loligo  vulgaris)  et  benthi- 
ques.  Le  detail  du  reseau  alimentairc  apparait 
a  I'examen  des  bees  de  cephalopodes  trouves 
dans  les  estomacs  de  Ziphius  et  de  Grampus; 
cet  examen  revile  des  frequences  relatives 
d'esp6ces  Ires  difTerentes  de  celles  habituelle- 
meni  loumic>  par  les  pecheries  (en  particulier, 
Tesptee  la  plus  consomm^e  par  Ziphius  ne  fi- 
gure pas  parmi  les  18  especes  les  plus  commu- 
nes de  cephalopodes  de  Meditcrranec  d'apres 
Mangold-Wirzj.  Ccla  inipliquc  que  les  cetaces 
capturent  les  cephalopodes  dans  une  zone 
dilT^rente  et/ou  avcc  des  moyens  plus  efTica- 
ces(cf.  plus  lorn:  evaluation  dc  la  predation). 

Les  especes  ichtyophages  (Delphinus, 
Tursiops,  Stenella)  consomment  75  %  dc  pois- 
sons  dpi-  ou  bathypelagiques  iSardina,  En- 
graulis,  Sparidae,  Myctophidae,  etc.)  et  25  % 
de  cephalopodes. 


<  Deep  Scattering  Layer. 


Les  especes  de  cetaces  en  M edltcrranee 
ocddentale:  ecdogle  et  ethologie 


Les  especes 
BakunopUm  pkysaba 

Se  fondant  sur  reffondrement  des  nom- 
bres  de  prises  sur  les  cotes  du  nord  de  TEcosse 
aprfts  les  annies  1926-27,  Jonsgftrd  (1966)  fait 
une  relation  avec  les  phenom^nes  de  sur- 
exploitation  au  niveau  de  Gibraltar:  il  s'agirail 
d  un  troupeau  hivemanl  en  M^ilenranec  et 
passant  rete  au  nord  de  l*Ecosse.  Cette  hy- 
pothese  est  confirmee  par  I'etude  des  teneurs 
en  iode  de  Thuilc.  JonsgSrd  emet  done  le  pre- 
mier I'hypothese  ijue  la  Mediterranee  est  a  la 
fois  une  zone  de  reproduction  et  une  zone 
alimentairc. 

J'ai  analyse  les  echouages  rapportcs 
dans  la  lilleraturc  et  observes  par  moi-meme 
en  fonction  de  la  taille  et  de  la  saison.  Les 
resultats  statistiques  indiquent  la  presence  de 
deux  cohortes  (Fig.  1).  L'une  correspond  aux 
naissances  d'avril  a  juin;  elle  arrive  dans  les 
dasses  de  taiUes  13-18  m  entre  septembre  et 
novembre.  Vn  individu  qui  a  6  m  en  mai  at- 
teint  en  movenne  13.50  m  en  octobrc,  15  m  en 
fevrier  suivant,  soil  une  croissance  dc  9  m  en  9 
mois.  A  paitir  de  novembre  la  oohorte  se  fond 
avec  le  contingent  perennantd'individusde  13 
a  18  m. 

L'autre  cohorlc  est  issue  des  naissances 
de  septembre-novembre  (en  decembre  et  Jan- 
vier: ob.scrvations  d'un  mort-ne  et  d'un  mort  i 
la  nai^siiMLCi  Elle  atteint  9  m  en  decenibre 
(retardaiairc)  et  disparall,  ce  qui  confirme 
rhypothese  de  Jonsgdrd. 

D'apres  les  observations  de  haleiniers 
ayant  pratique  dans  la  zone  de  Gibraltar,  il 
semble  qu'il  y  ait  une  entree  de  baleinopteres  k 
Gibraltar  vers  avril-mai.  arrivanl  entre  juin  et 
nii-juillet  au  niveau  de  la  Corse.  Ce  troupeau 
estiverait  en  M^diterran6e. 

En  ete  on  trouve  des  baleinopteres  es- 
sentiellement  &  mi-chemin  des  segments  293 


CopyriyliiOd  iiiaiurial 


D.  VIALE 


Nice-Calvi  et  Baleares-Corse:  tc  sunt  les  em- 
placements des  centres  dc  divcrizcnce  ou  se 
concentreat  k  cette  epoquc  dc  I'aunce  les  fortes 

firoductioiis  de  phyto-  et  de  zoopUmcloii.  Or 
'autopsic  d'un  baleinoptere  tue  en  juillet  pr^s 
de  cctte  zone  m'a  perm  is  de  constatcr  que  le 
conlenu  stomacal  est  fail  de  la  mcmc  bouillie 
planctonique  que  ceUe  trouvde  dans  deux  re- 
quins  pelerins  planctonophages  captures  sur 
les  cotes  corses  en  avril  et  juin.  Les  balei- 
nopt^res  sem blent  done  planctonophages  dans 
cette  partie  de  la  MMiterrafn^e  k  cette  ^poque. 
Or  les  zones  oil  on  Ics  observe  sont  cpalcment 
ccUes  oil  se  rencontreni  les  Meoanvt n/thanes 
norvegica.  Le  probleme  est  celui  dc  la  quanlite 
disponible:  les  ph6nom6nes  d'essaims 
compacts  ne  sont  pas  frequents.  Les  euphau- 
siaces  comme  le  zooplancton  se  trouvent 
eparpilles  dans  ime  grande  epaisseur  d'eau 
correspondant  k  la  zone  euphotique,  particu- 
Uferement  ^paisse  en  Mediterran^e.  II  semble 
done  que  fcncreie  a  depenser.  pour  un 
balcmoptere  cherchant  sa  nourraure,  est 
importante.  On  doit  prendre  ceci  en  consi- 
deration quand  on  veut  {laborer  des  moddes 
d'exploitation. 

En  oon<dusioii,  les  baleinopt^res  sont  vi- 
sibles  en  M6diterran£e  toute  Tanncc.  Le  ma- 
ximum d'observations  en  ^t^,  particulierement 
en  aoOt,  ne  correspond-il  pas  k  une  forte  den- 
site  d'observatairs  dans  cette  region  tr^ 
touristique? 

Des  observations  personncllcs  (V'iale. 
1977J  faites  avec  M.  RideU  (Mahneland 
d'Antibes)  et  avec  T^quipage  du  N.O.  Korot- 
nef  (Station  zoologique  dc  Villefranche-SUr- 
Mer).  me  permettent  d'evaluer  le  iroupeau  de 
baleinopteres  de  Mediterranee  nord-occiden- 
tale  {—  zone  oomprisc  entre  les  cdtes  eu- 
rop^ennes  et  le  42^e  paralldle)  k  400  indivi- 
dus  en  ixib. 


L'estimation: 


nombre  d'ohaervtlkim  de  bakinoplfeiCT 
surface  explorfe  per  k  navire 


X  surl'acc  totalc 


semble  bonne  puisque  les  navircs  de  ligne  Ni- 
ce-Corse en  ont  obser\  e  440  en  1975  (Duguy, 
1975).  11  faudrail  unc  elude  idcnliquc  pour 
Valuer  le  troupeau  dliiver  mais  cette  techni- 
quc  n'est  alors  pas  Ires  utilisabie  en  raison  de 
Tctat  de  la  mer.  On  peut  ^valuer  a  environ 
I  200  la  population  de  baleinopteres  enire  le 
406me  paraUile  et  les  cdtes  europtoines. 


Phyaeter  macrocephalus 

n  est  curieux  de  constater  que  cette 

espece  s'est  inscritc  dans  les  dialectes  des  p6- 
cheurs  italiens.  corses  et  provcnc^aux.  qui  dlsi- 
gnenl  loujours  un  gros  cetace  par  le  mot  «  ca- 
dialot ».  est-ce  parce  que  Fespice  ^tait  jadte 
preponderante  dans  cette  zone?  Ce  n*est  pas  le 
cas  aujourd'hui  oil  les  obsetAations  a  la  mer 
soni  devenues  beaucoup  moms  trcqucntesque 
celles  de  baleinopteres.  Les  bdtes  ^liou6es  ne 
depassent  pas  10  m  depuis  1943.  Les  enquctes 
aupres  des  pecheurs  corses  et  toscans  r^velenl 
une  diminution  des  observations  de  cachalots. 

Une  estimation  indirecte  (coraparaison 
du  taux  annuel  d'echouage  avec  celui  de  ce- 
iads  donl  les  eiTeciils  sont  connus,  el  dans 
rhypothfese  d'une  mortaUte  aiinucllc  de  7  % 
pour  toutes  les  esptees)  aboutit  k  un  efTectif  de 
600  cachalots  entre  le  AOktae  parall^le  et  les 
cotes  europeennes. 


ZvAns  Mnrasfrn 

II  frequente  en  troupeaux  les  eaux 
tyrrheniennes  et  ligures,  ei  se  rapproche  des 
cdtes  en  hiver.  Des  6diouages  ont  lieu  en 
troupeaux  parfois  considerables,  comme  k 
Genes  en  1963  (Tortoneso.  1963).  J'ai  pii  efu- 
dier  trois  echouages  en  groupes,  dont  cerlames 
bates  avaient  it€  mitraill^es  (Viale,  1973, 
1974).  lis  mettent  bas  en  hiver;  taiUe  des  fe- 
melles  gravides:  5,50  m;  taille  du  nouvcau-ne: 
1,15  m.  lis  sont  sthctement  teuthophages. 
Nous  6valuons  k  1 250  la  population  entre  le 
40ime  paralldle  et  les  cdtes  europtomes. 
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Les  observations  a  la  mer  sont  peu  fia- 
Hes,  en  dehors  de  cellcs  des  sp^alistes.  Les 
doimees  sont  done  maigres.  On  oonnalt  deux 
cas  d*^ouages  oollectifs:  72  tndividi»  s*6- 
cfaouent  k  Calvi  (NO  de  la  Corse)  en  1872,  et 
un  twupeau  important  sur  la  Cote  d'Azur  en 
1975.  Quelques  echouages  isoles,  plus  nom- 
breuxdepuis  1975.  Population  evaluee  a  1  350. 


ment  de  printemps  (cf.  plus  haut).  Le  nombre 

d'animaux  observes  diminuc  legdrement  et 
montre  un  plateau  jusqu'en  aout.  puis  s'ef- 
fondre.  Pas  d'observation  en  janvier.  Les 
groupes  eomprenneot  en  moyenne  5,6  indivi- 
dus.  Les  petits  naissent  en  d^but  d'hiver: 
nomhreiix  echouaecs  (i'individus  de  1.50  m. 
quand  les  i  ursiops  arnvent  dans  le  nord  de 
la  M6diteiTan6e  ooddentale  en  d^but 
de  printemps,  ce  qui  implique  des  naissances 
antdrieures. 


Grmnpus  ffisems 

II  s'obscrvc  en  haute  mer  a  partir  de  20 
milies  des  cotes.  Peu  de  renseignements  car  les 
observations  en  mer  sont  peu  fiables.  En  utili- 
sant  une  observation  du  Marineland  d'Anti- 
bes,  on  pent  estimer  la  population  j^lohale  sur 
la  zone  consideree  a  7  500  individu^.  Quaire 
6chouages,  correspondant  i  des  feoMlles  de 
2,20&3m. 


Tursiops  tnmcatus 

Fr6quente  fnesque  toute  Tannde  le  pla- 
teau continental  autour  de  la  Corse  et  des  lies 
toscanes,  oii  il  constitue  Pespccc  la  plus  fre- 
quente,  alors  qu'il  est  dcvenu  beaucoup  moins 
mquent  sur  les  odtes  de  Provence:  les  pt- 
cheurs  de  la  region  marseillaise  n'ont  plus  a  se 
plaindre  des  deyats  commis  dans  leurs  filets, 
alors  qu'en  juin  1976  tous  les  filets  des  pe- 
dheurs  du  cap  Corse  ont  kxi  systimatiquement 
visitis  chaque  nuit.  Les  efTectifs  sont  difTiciles 
k  ^valuer  parce  qu'on  nc  connalt  pas  Ic  ravon 
d'action  quolidien  d  un  groupe.  L'analyse  des 
observations  faites  depuis  1962  (Viale,  1977) 
montrent  que  les  animaux  apparaisscnt  pres 
de  la  cole  en  f^vrier  el  augmentent  en  ncunbre 
jusqu'a  un  maximum  prononc^  en  mm  (Fig. 
2).  n  nous  apparalt  que  oette  augmentation  est 
D^rollairc  de  I'apparition  k  la  cote  des  grands 
bancs  de  sardines,  bogues,  etc  .  poissons 
planctonophages  Iributaires  de  l  enrichisse- 


lis  apparaisscnt  sur  les  cotes  corses  et 
toscanes  au  printemps,  plus  tardivement  sur 
les  cdtes  de  Provence.  Leur  apparition  ii  la  cdte 
est  toujours  associee  a  celle  d'un  banc  de  sar- 
dines (Sardina  pikliarclus),  de  bojiues  {Bnops 
boups)  ou  d'anchois  {Engraulis  encrassichoia). 
En  6t£  on  les  observe  dms  les  zones  de  diver- 
gence  ligure,  proven^jale  et  catalane.  lis  se  de- 
placent  au  cours  de  I'ete  de  la  Corse  et  de  la 
Ligurie  vers  la  Provence  et  la  Catalogue,  et  en 
ddbut  d'automne,  ils  quittent  le  nord  du  bassin 
et  gagncnt  la  Tyrrhcniennc  ou  la  mer  de  Ma- 
laga, oil  leur  densitc  en  octobre  a  etc  cvaluee  a 
10  fois  cellc  observee  en  aoQt  sur  la  divergence 
alg^ro-proven9ate.  D  semble  qu*ils  parent 
rhiver  dans  la  partie  sud  du  bassin  (Viale, 
1977). 

Nous  avons  estime  leur  population  a 
70  000  individus  entie  le  40&ne  paiallftle  et  les 
o6tes  europ6ennes  en 

SmtMa  toenik9dbtt 

n  vit  «i  haute  mer.  Busnel  (com.  pers., 

1974)  I'a  oKserv'c  en  troupcau  mclc  avcc  des 
Pclpliinus  ciclphis.  II  est  cuneux  de  constalcr 
que  le  nombre  des  echouages  sur  les  cotes  de 
France,  nul  en  1971,  augmente  d*ann6e  en 
ann^e:  3  en  1972.  4  en  1973,  7  en  1974.  10  cn 
1975,  18  en  1976.  Les  50  %  de  ces  echouages 
correspondent  a  des  individus  inferieurs  a  1,70  295 
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m.  Les  Etudes  statistiques  dc  Kasuya  et  Miya- 
zaki  ( 1 975)  montrent  que  la  tailie  moyeiine  a  la 
maturity  est  de  2, 1 2  m  pour  lesfemelles,  2,19  m 
pour  Ics  males:  si  on  applique  oes  DOfines  k  la 
Mcdiicrranee,  un  seul  des  echouages  observ6s 
est  un  echouage  d'aduUes.  Peut-etre  doit-on 
envisager  une  acquisition  de  la  maturity 
sexuelle  k  une  taillc  inftrieure  pour  le  biotope- 
m^diterran^en.  L'estomac  d'lin  individu  de 
1,43  m,  qui  devrait  en  pnncipe  elre  allaite^ 
ooQtenait  des  bees  de  (^phalopodes;  k  une 
taille  plus  avancie  (1,80  m)  il  oontient  6gale- 
ment  des  otolithcs  et  des  vcrtchres  de  poissons, 
ce  qui  monlre  que  I'cspecc  est  ichtyophage  et 
teumophage.  Des  ph^nom^nes  pathologiques 
out  6t£  constates  sur  ces  deux  carcasses: 
concretions  de  phosphate  dc  calcium  ahon- 
dantes  dans  tous  les  tissus  (Viale,  1975,  1976, 
1977).  On  peut  tenter  one  estimation  de  la 
population  d'aprcs  des  observations  faites  par 
Ic  Marineland  d'Antibes:  moyenne  par  trou- 
peau  "  15  betes;  265  troupeaux  pour  la  M6- 
diterran6e  nofd-ocddentale,  soit  environ 4  000 
inc^idus. 

Ofcmia  area 

I  In  seul  echouage,  en  1974,  sur  la  cote 
ouest  de  la  Corse.  Le  Marineland  a  eflectue  de 
nombrenx  qnadrillages  pour  redierclier  des 
ofques,  et  en  aobsarvi  peu. 

Un  individu  6chou6  sur  la  cdte  est  de  la 

Corse  en  1960. 

Phocaata  pkoeaema 

Pas  d'ddiouages  ni  d'observations  per> 

sonnelles,  ce  qui  confirme  Tabsence  de  cette 
esp^cc  en  M6ditcrrance  occidentale.  Cepen- 
dant  Du^uy  (1975)  rapporle  des  observations 
qui  aurment  iiib  fiutes  au  large  de  la  o&te  ouest 
de  la  Cofse.  II  oonvient  d*£Sre  prudent,  parce 


que  systemafiquement  les  Corses  traduisent  le 
mot  «  delphini  »  de  leur  langue  par  le  mot 
fran9ais  «  marsouin  »  (dont  il  n*existe  pas  d*6- 
quivalent  en  corse). 


Interactions  rannE  les  DiPFfiRENTES 

ESPfiCES  DE  MAMMIFERES  MARINS 

HI  les  sont  tres  limitees  en  Mediterranee, 
oil  le  phoque  moine  (Monackus  monachus)^ 
seule  esp^ce  de  phoque  en  M6diterran6e.  a 
disparu  des  cotes  de  Provence,  et  pratique- 
ment  de  Corse. 


Interactions  avec  des  ressources 

ANIMALES  PRESENTES  OU  POTENTIELLES 

Les  prcdations  humaines  crdent  la 
concurrence  ta  plus  importante  en  M^ter- 
ranee.  Elles  portent  sur: 

—  Le  poisson  bleu,  c'est-d-dire  toutes  les 
espdces  pelagiques  vivant  en  grands 
bancs,  consomme  par  Delphinus,  Ste- 
neUa  et  Tursiops.  Nous  avoos  £valu£  les 
prises  faites  par  les  pacheuis  A  une 
moyenne  de  300  tonnes  par  jour  dans 
cette  zone. 

—  Les  cephalopodes.  A  la  suite  des  travaux 
de  Mangc^ldAVir/  (1963,  1973,  1973a) 
sur  Tecologic  ct  la  biologie  des  cephalo- 
podes m£diterran6ens,  divers  auteurs 
tentent  actuellement  d*appr6cier  les 
biomasses.  L'impact  de  la  pridation  hu- 
maine  est  difficile  k  ^valuer;  en  etTet, 
rimportance  de  oe  mat^el  sur  les 
marches  mMiterran^ens  compar^e  aux 
faibles  rendements  des  chalutages  pros- 
pectifs  evoquerait  une  surexploitation 
importante  des  stocks.  En  fait,  ces  der- 
niers  sont  sans  doute  tr6s  mal  dchantil- 
lonncs  par  les  moyens  classiqucs,  et  I'o- 
pinion  actuelle  est  que  la  biomasse  de 
o^halopodes  est  tris  supdrieure  k  ce  que 
l*on  estimait  jusquld. 
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Nous  cvalucrons  la  predation  humaine 
en  cephalopodes  d'apres  les  debarqiiements 
moyens  sur  les  cotes  de  Toscane  en  10  ans,  et 
en  extrapolant  d  toute  la  zone  m6diteiTan6en- 
ne  nord-occidentale:  soil  400  tonnes  par  jour. 

La  predation  totale  par  les  cetaces  dans 
cette  zone  peut  etre  evaluee  a  parlir  des  effec- 
tifs  de  chaquc  espdce,  et  de  la  ration  alimen- 
taire  moyenne  d'apres  la  litt^rature  fpour  les 
grandes  cspeces,  2  %  du  poids  du  corps  chaque 
jour  dapres  Lockyer,  1976,  1976a;  pour  les 
petites  esptees,  2  k  10  %  du  poids  du  corps 
chaquc  jour  d*aprts  Sergeant,  1969  et  Ander- 
son. 1965). 

Les  cciaccs  ichiyophagcs  consomment 
env  iron  300  tonnes  par  jour. 

Les  cetaces  tcuthophages  consomment 
en  moyenne  600  tonnes  par  jour  de  cephalo- 
podes, et  les  ichtyo-teuthophages  en  pr6l6vent 
100  tonnes  par  jour. 

On  voit  done  que  la  predation  humaine 
par  la  peche  est  du  mcme  ordre  dc  grandeur 
que  celle  des  cetaces  en  Mediterrance 
nord-occidentale.  alors  que  pour  les  c6plialo- 
podes  la  predation  par  les  cetaces  est  supe- 
neure  (presque  le  double)  4  la  peche  par 
rhomme:  TefFicacit^  de  detection  et  de  capture 
par  les  c^tac^s  est  sup^rieure  &  celle  de  rhom- 
me On  peut  enalement  tirer  la  conclusion  que 
la  M^iterranee  nord-occidenlaieoflre  plus  de 
possibility  trophiques  pour  les  teuthophagcs 
que  pour  les  ichtyophages.  On  conclut  que 
I'hommc  et  les  cetaces  prel^vent  en  Mediter- 
rance nord-occidentale  an  quart  environ  de  la 
production  de  poissons  epipelagiques  pri- 
sumte  (Margidef,  1967). 


Exptoitatkm 


Bidaet$optera  pkystUm 

Hn  dehors  des  donn6es  concemant  les 
captures  faites  i  Gibraltar  en  1926-27  rap- 
portees  dans  les  «  Whaling  Statistics  »,  il  y  a 
peu  de  donn6es  nouwUes  et  pr^dses.  Les  sta- 


tistiquesde  1933-39  donnent  un  chifTre  i>K  bal 
de  pri.ses  pour  TEspagne  et  le  Portugal.  La 
capture,  meme  clandestine,  semble  avoir  cesse 
k  Gibraltar  apr£s  la  seconde  guerre  mondiale, 
par  centre  elle  se  poursuit  de  1968  a  1974  sur 
les  cotes  cantabriques  (Viale  et  Ridell.  1975) 
oil  elle  s'eleve  a  4  ou  500  tetes  par  an,  mais 
depuis  1974  elle  est  devenue  si  al6atoire  que 
certains  baleiniers  ont  dft  disarmer  (Hg.  3). 


Pkyseter  maerocephaba 

lis  ont  ^l^  exploit6s  avanl  et  apres  la 
guerre  dc  1939-45.  Dc  1921  a  1927  Junsgard 
rapporte  que  489  cachalots  ont  et^  intercept's 
a  Gibraltar.  F.n  1927.  Pindustrie  baleiniere 
s'effondre  par  epuisemenl  des  slocks  de  balei- 
nopteres.  Elle  reprend  en  1933  essentiellement 
k  partir  des  cachalots  et  des  petits  c6tac6s  en  ce 
qui  conceme  la  totalite  de  TEspagne.  On 
manque  de  chiffres  pour  la  zone  mediter- 
ranccnne:  on  sait  sculement  que  pour  Tanncc 
1934  les  pHses  ont  ete  de  66  baleinoptdres  et  5 
cachalots  I /exploitation  a  ensuite  et^  inter- 
rompue  pendant  toute  la  dur'e  de  la  guerre.  II 
semble  <^ue  cela  ait  permis  une  certaine  re- 
oonstitulion  du  troupeau  puisqu'une  exploita- 
tion a  pu  se  r^inslaller  vers  les  annees  50  a  60: 
un  baleinier  nous  a  rapporte  avoir  capture 
jusqu'ik  1 1  cachalots  par  jour  dans  te  d^troit  de 
Gibraltar.  Viale  el  Ridell  (1975)  rapportent  les 
prises  d'un  baleinier  au  large  des  cotes  nord  de 
TEspagne:  536  cachalots  ont  ete  pris  en  8  ans, 
soit  en  moyenne  67  captures  par  an  pour  oe 
navire;  5  baleiniers  travaillent  de  fagon  iden- 
tique  dans  cette  zone  I  En  analysant  le  contenu 
des  observations  et  des  pnses,  on  voit  que  19 
troupeaux  seulement  sont  signalds  sur  280  cas 
d'obsen  ations,  et  7  seulement  comportent  des 
petits.  D  autre  part,  sur  261  observations  (668 
cachalots),  un  tiers  conceme  des  animaux 


2  Note  Mtoriak:  i  pr&eal  2  boleioien  font  eniendus 
Uttt  cnptoyte  nir  cea  oftles.  roais  3  bateaux  phis  modemes 
iiteddent  <rftie  miliars.  297 
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i.sol^s,  d'oii  pour  les  nhservations  d'animaux 
non  isoles  unc  moycnnc  de  3,3  individus  par 
groupe.  La  sex-ratio  est  de  71/476  soit  13  %  de 
femelles.  Toutes  ces  observations  connrment 
rimprcssion  donncc  par  la  courbc  d'cxploita- 
tion  (Fig.  3):  alors  que  les  prises  annuelles  ne 
montrent  pas  de  diminution  significative  au 
cours  des  annto  de  p^che,  les  pnses  effectudes 
a  I'cpoque  du  maximum  de  passage  sent  t6- 
gulierement  decroissantes:  les  points  entoures 
d'un  contour  en  tirete  constituent  im  nuage 
d'allure  dteroissante.  La  correlation  entre 
Pannec  et  Ic  nombre  maximal  mensuel  de  pri- 
ses est  de  -  0,78,  valeur  significative  au  seuii 
2  %.  Ces  faits  indiquent  soit  un  etalement  dans 
le  temps  des  migrations  (Inologiquemait  im- 
probable), soit  un  Etalement  tlans  le  temps  de 
I'effort  de  peche:  plus  concreiemenl,  un  effort 
accru  pendant  les  mois  de  moindre  passage. 
L'efTort  pendant  le  maximum  de  passage  est 
toujours  maximal,  ce  qui  nous  autorise  a  in- 
terpreter la  diminution  des  maximums  de  pri- 
ses, k  effort  de  p6che  constant,  comme  un  signe 
de  diminution  des  effcctifs 

Cette  surexploitalion  s'ajoutc  a  Tcxploi- 
tation  pratiquee  au  large  des  Azores  et  scmble 
expliquer  la  rar6factioii  du  (»^alot  en  MMi- 
terranec  occidentale,  dans  I'hypothese  ou  les 
cachalots  de  Mediterranee  se  detachent  des 
stocks  atlantiques  lors  de  la  migration  estivalc 
vers  les  eaux  temp£r6es. 

Un  autre  indice  de  surexploitation  ap- 
paralt  dans  la  diminution  de  taille  des  cacha- 
lots echoues  en  Mediterranee  occidentale:  pas 
d'^ouage  supdrieur  &  10  m  depuis  1943. 


Aotres  effets  de  ilntenrefldon  famaine 


Destructions  occasionnelles 

Certains  mitraillaees  de  cetaces  se  font 
au  cours  dc  manueuvres  mililaires.  Destruction 
au  fusil  de  chasse  par  les  p€cheois  k  cause  des 
298    d^gAts  commis  dans  les  filets  (Viale,  1973). 


DhstrucTION  INDIRECTE  PAR  LTFFET  DE 
LA  POLLUTION 

Nous  renvoyons  au  texte  adressc  k  la 

FAO  pour  la  rt^union  dc  Bergen,  «  Relation 
entre  les  echouages  de  cetaces  et  la  pollution 
chimique  en  mers  Ligure  et  Tyrrh^enne  ». 


Onn^aeiiccs  poor  la  gcstion  des  stocks 


Dans  r^tat  actuel  des  connaissances  sur 
la  population  de  Balaenoptera  physalus  Tex- 
ploitation  de  cette  especc  nc  doit  pas  etrc  re- 
prise en  Mediterranee.  Quand  au  cachalot,  sa 
raret^  actuelle  inteidit  d'envisager  une  exploi- 
tation rentable.  L*exploitation  des  petits  ce- 
taces ne  peut  6tre  envisag^e  tant  que  des  etu- 
des serieuses  n'auront  pas  foumi  des  rensei- 
gnements  sur  la  dynamique  de  leurs  popula- 
tions (il  est  vrai  que  Tabsencc  d 'exploitation 
rend  probldmatique  une  telle  6tude). 


Les  besoins  de  recherche 


Observations  a£riennes 

Pour  revaluation  des  troupeaux  de  ba- 

leinopt^res,  cachalots,  etc.,  actuellement  un 
Centre  d'etudc  des  mammiferes  marins  fonc- 
tiotme  a  La  Rochelle  sous  la  direction  de  R. 
Duguy,  et  collationne  les  obseivations  btah- 
voles  le  long  des  cdtes  de  France.  Des  credits 
pour  des  prospections  a£riennes  ont  tt& 
demand^. 


M  aRQI  AGES  DES  CACHALOTS  ET  BALEI- 

NOlTERfcS 

StUDE  des  populations  de  DELPHINIDAE 


CCOLOCIE  DES  CeTACES  DE  LA  M£01TERRANEE  OCCIDENTALE 


Surveillance  des  effets  de  la  pol- 
lution 

Sur  cc  point,  je  propose  un  programme 
de  travail  en  ooUaboratkm  avec  le  Laboratoire 
de  sur\  eillanoe  des  nuisances  du  CEA  (Centre 
de  Pierrelatte): 

-  polluants  chimiques  dans  les  citac^s; 


-  recherche  des  pesticides; 

-  mise  en  Evidence  d'eventuelles  accumu- 
lations de  m^taux  dans  les  organes: 

-  recherches  sur  les  uansferts  d'organe  a 
organe;  dcvcnir  des  polluants  chimiques 
dans  Torganisme;  formes  de  stodcage 
dventuelles. 
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EVIDENCE  OF  WHALING  IN  THE  NORTH  SEA  AND 
ENGLISH  CHANNEL  DURING  THE  MIDDLE  AGES 


VfMA,  De  Smet 


Although  cetaceans  are  not  now  alnmdant  in  the  North  Sea.  historical  evidence  indi- 
cates that  they  were  common  there  and  in  the  English  Channel  during  the  Middle  Ages  and 
earlier.  Whales  were  probably  hunted  regularly  in  this  area  from  al  least  the  9lh  ceniuiy 
onward,  mostly  by  Flemings  and  Normans.  Biscayan  whales  (Eubalaena  g!adalls  gladatts) 

and  perhaps  also  gray  whales  ( Eschrichiius  ^ibbosus)  if  this  species  did  survive  in  the 
Atlantic  until  mediaeval  times  —  may  have  been  the  main  species  taken;  both  live  near  the 
coast  and  are  relatively  easy  to  catch.  A  decline  in  their  abundance  in  the  late  Middle  Ages 

seems  likely  and  may  have  been  caused  in  part  by  hunting.  Fvidcncc  of  this  early  whaling 
includes  references  to  the  availability  of  whale  meat  in  mediaeval  markets  and  anecdotes 
about  the  interv  ention  of  saints  in  whale  hunts.  Harbour  \)OT\>o\%cs  { Phocoena phocoena),  now 
the  only  cetacean  commonly  found  in  the  North  Sea,  were  hunted  along  its  southern OOast  and 
in  the  Ppvlish  Channel  before  the  Dutch  fishery  for  them  began  in  the  16th  oentuiy.  Other 
small  cetaceans  were  probably  also  taken. 

Bien  que  les  c6tao6s  ne  soient  pas  actuellement  abondants  en  mer  du  Noid,  les  preuves 

historiques  montrent  qu'ils  y  etaient  ct>mmi;r.'^.  ainsi  que  dans  la  Manchc,  an  Mnycn  \  'r  t  i 
duranl  les  pt^riodes  antdrieures.  Les  baleincb  oni  probablement  ei^  chass^es  avec  regulante 
dans  cetie  region  dcpuis  au  moins  le  9£me  siMe.  surtout  par  les  Flamands  et  les  Normands. 
Les  baleiiij^  ik  Biscaye  (Eufxihumi  (jhnitilis  ^lacialis)  ct  peut-ctre  aiissi  les  haleines  crises 
{Eschrichiius gibbosus)  -  siccite  cspece  reiissii  i  surv  ivrc  dans  rAtlantique  jusqu'a  I'lipoque 
mMiivale  -  peuvent avoir ft^  les  prmeip ales  c^peces  c  ipturies.Toutesdeux  viventprisdela 
cote  et  stint  relativement  faciles  a  capturer;  un  declin  dc  ieur  ab<indance  semble  probable  a  la 
fin  du  Moyen  Age;  il  peul  avoir  ^t^  partiellemeni  provoqu^  par  la  chasse.  Les  preuves  de  cette 
chasse  comprennent  des  r£f6renoes  k  hi  pr6sence  de  viande  de  baleine  sur  les  marches 
mddidvaux  et  i  des  anecdotes  sur  Tintervention  des  saints  pendant  la  chasse.  Le  rnarsouin 
commun  (Phocoena phocoena),  le  seul  o^taci  actuellement  r^pand  u  dans  la  mer  du  Nord,  6tait 
chass6  le  long  de  sa  c6te  sud  et  dans  hi  Manche  avant  le  dibut  de  la  pecherie  hoUandaise  qui 
les  expkMta  A  panir  du  16ftme  sitele;  dViutres  peiits  citac^  ^ient  aussi  probaUement 
captures. 

Extneto 

Aunque  hoy  dia  los  cetaceos  no  abundan  en  el  Mar  del  None,  hay  pruebas  hisiuricas  dc 
que  durante  la  Edad  Media  y  ipocas  anteriores  cran  abundantes  tanto  en  cse  mar  oomo  en  d  301 
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Canal  dc  la  Mancha.  Prohahlcnicnic  k>s  flamcna^s  y  li>s  normaruics  -,c  han  dcdicadii  a  la  ca/.a 
de  ballenas  en  esa  zona  desde  al  menos  el  siglo  IX.  Tal  vez  las  pnncipales  especies  capturadas 
hayan  sido  la  ballena  de  Vizcaya  iEubalaena  glaciaib  glacialis)  y  quizes  tambiin  Eschrichrtus 
■cihhoxta,  u  csta  especie  sobrevivio  en  el  Atlantico  has(a  la  ipoca  medieval:  ambas  viv en  ccrca 
de  la  costa  y  son  relativamenic  fi&cilcs  dc  capiurar.  Parecc  probable  que  en  la  tarda  r.dad 
Media  su  abundancia  haya  disminuido,  quizas  debido,  en  parte,  a  la  caza.  Entre  las  pruebas 
de  que  ya  enionces  se  cazaba  la  ballena.  pueden  citarse  las  rcfercncias  a  la  venta  de  came  de 
ballena  en  los  mcrcadi>s  mcdic\  ales  v  alsunas  aniJcdotas  wbre  la  inlc^^cnci6n  dc  los  santos  en 
la  ca/a  de  las  ballenas.  La  marsupa  coniun  [Phocoemi pluwoctui).  i^uc  hu)  es  el  iinico  cetaceo 
que  se  eneuenira  freeuentemenle  en  el  Mar  del  Norle.  se  ca/aba  lambien  en  la  cosia  meri- 
ditnial  de!  Mar  del  Norte  v  en  el  Canal  de  la  Man.  ha  .inics  de  que  I(h  hol.irulescs  miciaran  su 
explulacion  en  el  siglo  XV  I.  Probablemenle  se  capiuraban  tambien  otros  pequenos  cetaceos. 


W.MJi.  De  Smel 

Ryksunfversitair  Ceninim  Antwerpea,  Annverp,  Belgium 


iDtrodoctioii 


In  most  books,  whaling  is  given  as  a 
dassk:  example  of  uncontrolled  predation  by 
man  on  a  marine  resource  and  the  period  of 
Arctic  whaling  around  Spitzbergen  for  the 
Greenland  whale  (I61I-I7I9)  is  generally 
cited  as  the  first  of  the  unwise  steps  in  the 
whaHng  industry.  Several  texts,  however,  also 
draw  attention  to  the  fact  that  the  Biscayans 
had  an  active  whaling  industry  in  earlier  cen- 
turies (from  the  1 1th  centun,'  onward)  and  that 
they  were  probably  responsible  for  the  drastic 
reductions  in  the  numbers  of  Biscayan  right 
whales  in  the  Northern  Hemisphere.  Onfy  a 
few  authors  are  aware  of  the  fact  that  whaung 
existed  in  still  earlier  days  in  other  Huropcan 
seas,  and  that  it  was  practised  in  the  North  Sea 
and  English  Channel  during  the  Middle  Ages, 
certainly  from  the  0th  century  onward.  Evi- 
dence of  this  early  whaling  is  quite  scarse  and 
is  distributed  throughout  a  number  of  texts. 
Study  of  the  assembled  references,  however, 
leads  one  to  the  opinion  that  the  North  Sea 
probably  had  a  dense  whale  population  that 
disappeared  because  of  uncontrolled  whaling. 
These  mediaeval  whale  hunteis  were  mostly 
Flemish  and  Norman,  and  hunted  long  before 


the  Biscayans.  Slijper  (1958)  has  already  re- 
ferred to  this  hunting,  even  suggesting  that  tlu 
Biscayans  mav  have  learned  whaling  triun  the 
1  Icniish  and  the  Normans,  who  may  have 
learned  it  from  the  Nonemen. 


Prascnt  state  of  cetaceans  in  the  North 
Sea 


At  present,  cetaceans  are  not  at  all 
abundatit  in  the  North  Sea.  Only  the  h;irhinir 
porpoise,  Phocoena  phocoena^  is  commonly 
found,  although  its  numbers  have  decreased 
considerably  during  the  last  decade^s.  Three 
other  species,  Tursiops  truncatus.  Delphinus 
delphis,  iMgenorhynchus  albirostris,  are  of 
quite  regular  appearance,  and  the  pilot  whale, 
Ghbkephalamelaena,  is  normally  found  in  the 
northern  part,  even  in  large  schools,  but  ver}' 
rare  in  the  southern  North  Sea.  Twenty-two 
other  species  have  been  observed  (Sdiultz, 
1970)  but  always  exceptionally  or  in  limited 
numbers.  On  the  southernmost  border  of  the 
North  Sea,  the  Flemish  coast,  18  species  have 
been  found  (De  Smet,  1974). 

Among  the  whale  spedes,  the  minke 
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whale,  Balaenoptem  acuWrostrata,  is  the  least 

rare:  Schultz  (1970)  lists  some  80  cases  of 
slrandings  or  catches  between  1824  and  1970; 
this  means  more  or  less  once  every  2  years.  The 
OommOD  fin  whale,  Balaenoplera  physalus,  has 
been  reported  some  75  times  from  1595  on- 
ward (once  ever\'  6  years),  the  blue  whale,  Ba- 
lamoplera  musculus,  16  limes  from  1594  on- 
ward (once  every  25  years),  the  sei  whale,  Ba- 
laenoptera  borealis,  7  times  from  1 590  onward 
(oiicc  even.'  50  vcars)  and  the  humpback 
whale,  Mfgapiera  novaeangeUuc,  5  imies  from 
1S4S  onward  (onoe  every  80  years).  The  sperm 
whale.  Phvsctcr  catodon,  and  odortnccte.  is  df 
more  regular  appearance,  having  been  report- 
ed .some  60  times  from  1531  onward,  but  only 
otd  bulls  are  known  to  visit  the  North  Sea, 
sometimes  in  small  herds.  The  presence  of  the 
Biscavan  whale,  F.uhalaena  glacialis  glacialis. 
has  been  noted  m  1658,  1682,  1751,  1784  and 
1872,  and  there  are  also  cases  Aom  the  Baltic 
Sea  in  1365  and  1489  (Schult/.  1970),  Fossil 
remains  ol  the  grcv  whale,  Eschrichiius  gihho- 
sus,  point  to  this  species'  presence  in  earlier 
times. 

It  is  clear,  therefore,  that  such  a  paucitv 
of  whales  during  the  last  centuries  could  not 
sustain  any  profitable  whaling  industry.  Nev- 
ertheless, the  North  Sea  with  an  area  of 
575  000  km-  and  its  high  productivity  offers  a 
proper  habitat  for  several  species  of  whales. 
During  the  Miocene  and  Pliocene  periods, 
whales  and  other  cetaceans  were  abundant  in 
the  sea  that  corresponds  to  the  North  Sea  of 
the  Holocene.  Huge  quantities  of  fossil  bone 
have  been  discovered,  especially  in  the  region 
of  Anlw^,  from  which  many  fossil  species 
have  been  described. 


Evidence  of  whale  abuHlaiice  In  Roman 
and  mediaeval  tinea 


Although  durina  recent  centuries  whales 
were  rare  in  the  North  Sea,  this  was  certainly 
not  the  case  in  earlier  times.  This  conclusion  is 
supported  by  the  following  fads: 


(i)  Whale  bones,  ofken  engraved,  have  been 

found  in  many  human  settlements 
around  the  North  Sea  and  are  very  nu- 
merous in  several  places  (Clark,  1947; 
van  Beneden,  1886). 

(11)  I  hc  Roman  poet  Juvenal  speaks  in  his 
Satire  X,  verse  14,  of  a  "Britannic  whale" 
(Ballaena  Mttanka%  which  indicates 
that: 

(a)  a  species  ol  whale  was  found  along 
the  coast  of  Britain,  presumably  the 
North  Sea  coast  or  the  Channel 
coast; 

(b)  this  species  was  well  known  to  the 

Roman  residents  of  the  British  Isles, 
which  would  hardlv  be  the  case  if  it 
were  a  cetacean  that  was  only  seen  at 
Sea: 

(c)  this  species  was  recognized  as  being 
different  from  the  whales  seen  in  the 
Mediterranean  Sea. 

(lii)  A  fishery  for  large  sea  animals,  which 
often  used  harpoons  and  was  in  an  c»- 
ganized  condition  certainly  as  early  as 
875  (see  examples  below),  existed  in  sev- 
eral places  along  the  coasts  of  the  North 
Sea  and  the  QianneL 

(iv)  Whale  meat  was  normall\  found  in 
many  mediaeval  fish  markets  (see 
examples  bdow). 

(v)  In  1004,  several  ships  sank  in  the  Enghsh 
Channel  after  encounters  with  whales,  a 
fact  cited  by  Fischer  (1881),  van  Bene- 
den  (i886)  and  Thomazi  (1947). 

(vi)  The  mediaeval  chronicler  Vilhelmus 
Brito  or  Guillaume  le  Breton  ( 1 2th  cen- 
tury) recounts  that  the  Duke  of  Bou- 
logne had  baleen  plates  on  his  helmet, 
taken  fh>m  whales  found  in  the  English 
Channel.  303 
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(vii)  The  making  <^  ornaments  from  baleen 
plates  was  a  business  activity  in  the  city 
of  Rouen,  which  was  controUcd  by  or- 
dmanoe  of  King  Chailes  II  in  1403  (Co- 
chin, 1935).  This  argues  diat  whales  were 
being  landed  regularly. 

(viii)  In  the  village  of  Saint-Vaast-la-Hougue 
(in  Normandy),  whale  bones  were  so 

numerous  that  they  had  many  different 
uses  (Thomazi,  1947). 


Evidence  of  whale  hunting  during  the 
Middle  Ages 


Several  authors  (Vaucaire,  1941)  have 
doubted  if  true  whaling  existed  in  the  Middle 
Ages,  because  a  later  authority,  Olaus  Mag- 
nus, when  speaking  of  whales  in  the  northern 
countries  in  1535  gave  as  an  example  the 
flensing  of  a  strandKl  animal.  But  evidence  of 
whaling  in  die  mediaeval  centuries  has  come 
to  us  in  several  texts.  A  few  of  them  are  just 
anecxiotes  ubout  miraculous  huntings  that 

involved  the  assistance  of  some  saint,  but  they 
reveal  that  himting  of  whales  was  a  normal 

undertaking. 

In  875,  some  fishermen,  probably  form 
Arras,  had  a  dispute  with  otner  fishermen 

along  the  Flemish  coast  as  how  to  divide  the 
catch  when  a  whale  was  taken  Thev  then  went 
to  sea  with  only  2  ships  and,  having  invoked 
Saint-Vaast  (SancHts  Veda^us\  they  captured 
an  "enorrTKHis  fish",  while  the  other  fishermen 
with  then  manv  ships  did  not  capture  any. 
Other  citations  in  this  book  on  the  miracles  of 
the  saint  lead  one  to  believe  that  whaling  (the 
text  often  speaks  nf  the  whale)  was  a  common 
activity  dunng  thai  period  alonji  the  Flemish 
coast.  The  dale  of  875  has  been  cued  by  several 
authors,  but  in  greatest  detail  by  Vaucaire 
(1941) 

At  the  end  of  the  10th  centurw  another 
Story  on  miraculous  whale  hunting  with  the 
intervention  of  Saint-Bavo  of  Ghent  speaks  of 


harpooning  an  animal  that  came  up  from  the 
depths  and  made  several  appearances  at  the 
surface  (Lestoc4uoy,  1948). 

A  simflar  miraculoiis  happening  in  1 1 16 
gives  more  details:  the  Flemish  fishermen  had 
wounded  a  whale  with  their  arrows  and  lances 
and  were  encirchng  the  animal  with  their 
ships.  The  angry  animal  blew  rays  of  water 
into  the  air,  sprang  out  of  the  water,  disap- 
peared and  reappeared  and  attacked  the  hun- 
ters so  intensely  that  the  latter  made  an  oath  to 
Saint-Amulf,  promising  him  a  inece  d  meat 
from  this  whale  (Fischer,  188 1 ;  Degiyse,  1940; 
Cochin.  1935:  Lestocquoy,  1948). 

Other  proofs  of  whaling  during  the 
Middle  Ages  mdude: 


(i)  A  mediaeval  text  cited  by  Bcddard 
(1900),  probably  of  English  origin  and 
dating  from  before  1000,  makes  it  clear 
that  whale  hunting  was  considered  to  be 
a  dangerous  business  in  which  many 
ships  were  needed. 

(ii)  Whaling  also  went  on  in  other  parts  of 
Europe,  especially  along  the  Norwegian 

coast  Many  Scandinavian  sagas  speak 
of  whaling,  even  the  old  Ed  da  (Vaucaire, 
1941)  and  especially  the  King's  Mirror,  a 
book  on  Iceland  written  in  Norway  in 
the  12th  century.  Best  known  is  a  report 
written  around  890,  probably  in  887 
(Beddard,  1900)  to  the  English  King 
Alfred  the  Great  by  the  Norwegian  ex- 
plorer Octher  from  Halogoland,  who 
sailed  to  the  region  of  present-day 
Tromso  "as  far  as  the  whalers  go"  and 
who  talks  of  whales  50  ft  long. 

(iii)  In  1098.  a  corporation  of  "wallmanni" 
Cwhaiers)  was  tounded  m  Normandy. 
This  corporation  has  been  cited  by  seve- 
ral authors,  induding  Curvier,  but  it  has 
often  been  doubted  if  it  was  really 
whales  thev  hunted  or  only  porpoises. 
However,  since  it  is  known  that  they 
presented  baleen  plates  to  the  Abbey 
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of  Montebourg  (Lestocquoy,  1948). 
there  can  be  no  doubt  that  they  whaled. 

(iv)  The  fishennen  of  Boulogne  (in  a  port  of 
the  mediaeval  Flemish  city  of  Boon  en  ) 
were  obliged  to  give  a  portion  ol  the 
meat  from  every  whale  they  caught  to 
the  Abbey  of  Saint-Wulmar,  and  this 
custom  was  already  practised  bcrnre 
1121  (Degryse,  1944).  Many  other 
abbeys  had  similar  rights  and  priorities 
(Vaucaire,  1941X  but  it  is  noc  dear  if  m 
manv  cases  it  concerns  caught  or 
stranded  animals  and  if  many  of  the 
"whales"  were  not  simply  porpoises  or 
shailtt. 

(v)  In  1 178.  when  the  f  lemish  Count  Philip 
of  Alsace  returned  from  a  long  voyage, 
he  received  from  the  population  of 
Bruges  a  monstrous  beast  (probably  a 
Biscayan  whale,  see  below)  that  had 
been  taken  a  few  days  before  (Degryse, 
1940). 

(vi)  Accordmg  to  the  mediaeval  chronicler 
Vincent  de  Beauvais  (1272),  the  inhabi- 
tants of  the  "German"  coasts  (location 
indeterminate)  hunted  whales  h\  mak- 
ing noises  with  kettledrums  and  other 
instruments.  Another  writer  of  that  pe- 
riod, Albertus  Magnus,  one  of  the  most 
illuminated  spirits  of  the  Middle  Ages, 
tells  that  these  people  hunted  with  har- 
poons, thrown  by  hand  or  by  balistas 
(Fischer,  1881;  van  Beneden,  1886; 
Tbomazi,  1947). 

(vii)  In  the  9th  century  (832),  the  Abbey  of 
Saint-Denis  in  Paris  owned  a  place  in 
Noimandv  on  the  Cotentin  Peninsula 
where  "whales'"  were  hunted  and  flens- 
ed (Degryse,  1940;  Lestocquoy,  1948). 

(viii)  According  to  Vaucaire  (1941),  "fishes" 
50  ft  long  were  taken  in  the  south  of  the 
Seine  by  order  of  the  Abbey  of  Jumieges. 
Other  sources,  however,  mention  fishes 


only  5  ft  long  and  this  suggests  that  the 
harbour  poqx>ise  was  the  species  being 
taken. 

(ix)  In  1456,  the  Duke  of  Burgundy.  Count 
of  Flanders,  had  a  whaling  ship  on  the 
North  Sea  (Filliacrt,  1944). 

(x)  Even  in  1606  (i.e.,  5  years  before  the  start 
of  extensive  hunting  for  the  Greenland 
whale),  whaling  ships  were  still  leaving 
the  harbour  of  Bni^. 

(xi)  Van  Deinse  (1966)  has  proved  that  there 
are  signs  of  whaling  in  Holland  before 
the  year  1611,  the  first  whaling  year  m 
Spitzbergen. 


The  role  of  wliale  meat  in  the  Middle  Ages 

The  role  of  whale  meat  in  the  mediaeval 
markets  may  be  judged  from  many  details.  It  is 
clear  from  the  regularity  with  which  whale 
meat  occurred  in  these  markets  that  it  cannot 
have  come  from  stranded  animals  alone  and 
that  there  must  have  been  regular  landings.  In 
many  cases,  these  animals  might  have  been 
dolphins  and  porpoises.  However,  the  use  of 
the  words  "balaena"  and  "Walfisch"  is  suffi- 
ciently  common  in  the  texts,  and  the  quantities 
of  meat  such  to  make  it  clear  that  large  animals 
must  have  been  present.  Examples  0[  sudb  ci- 
tations include  the  foUowmg: 

(i)  Inarefei«ncefiNnn  1024  on  Arras,  whale 
meat  is  dted  as  a  product  with  taxation 
for  every  100  portions  (Degiyse,  1944). 

(ii)  The  dly  of  Boulogne  was  a  centre  of 
whale  meat  trading  from  the  11th  cen- 
tury onward  (Degryse,  1944). 

(iii)  A  report  on  the  market  of  the  Flemish 
town  Nieuwpoort  m  1 163  mdudes  whale  305 
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meat  ("parlem  cell")  with  taxalion  on 
every  portion  (D^iyse,  1944). 

(iv)  Whale  meal  was  sold  in  ihe  blemish  city 
of  Damme  in  1252  (SUjper,  1958). 

(v)  The  market  of  Calais  also  sold  whale 
meat  and  in  1300,  the  Count  ot  Artois 
bought  33  pieces  there,  weighing  a  total 
of  380  lb  (Degiyse,  1940). 

(vi)  One  hundred  "whales"  were  transported 
to  Paris  on  the  Seine  in  1315  (Cochm, 
1935). 

(vii)  At  the  wedding  ot  the  Burgundian  Duke 
Charles  the  Bold  to  the  Flemish  Coun- 
tess Margareta  at  Brages,  the  wedding 
meal  included  a  *Vhale**  (perhaps  only  a 
porpoise). 

(viii)  The  Flemish  Cbunt  Louis  of  Male  often 

sent  whale  meat  to  his  daughter  Marga- 
reta at  the  Burgundian  Court,  e.g.. 
m  1371  and  13«1  (Lestocquov,  1948;  Slij- 
per,  1958). 


Species  taken 


The  question  remains,  however,  as  to  the 
identity  of  the  whales  which  were  the  victims 
of  this  mediaeval  hunting  in  the  North  Sea  and 
the  English  Channel.  Detailed  accounts  are 
too  few  to  provide  any  conclusive  evidence  but 
the  species  involved  can  be  postulated  by  a 
process  of  elimination 

Of  the  large  whales,  several  can  easily  be 
excluded  from  consideration.  First  of  all,  the 
Greenland  whale,  Balaena  mysticetus  could 
hardlv  have  been  involved,  because  this  ani- 
mal normally  does  not  leave  the  ice  fields,  al- 
though u  specimen  was  found  in  the  Sea  of 
Japan  (Nishiwaki  and  Kasuya.  1970).  Fossil 
remains  of  this  species  in  the  North  Sea  basin 
date  back  to  the  Ice  Ages  (Jux  and  Rosen- 


bauer,  .1959).  The  balaenopterids  are  ocean 
dwellers  and  fast  swimmers,  who  until  1864 

when  the  harpoon  jzun  was  invented,  remained 
bcvond  the  reach  of  whalers.  Only  stranded 
specimens  may  have  attracted  people's 
interest.  The  sperm  whale,  Physeter  catodon^  is 
a  species  of  tropical  waters  and  only  an  irreg- 
ular visitor  to  the  North  Sea.  It  is  quite  pos- 
sible that  in  a  few  cases,  especially  when  the 
fishermen  had  to  invoke  the  assistance  of  the 
saints,  it  was  this  species  that  they  were  hunt- 
ing, but  it  could  not  have  been  the  object  of  a 
regular  busmess. 

This  leaves  only  2  species  of  great  whale, 
the  Biscayan  or  black  whale,  Eubalaena  gla- 
cialis  ^laclalis,  and  the  grey  whale,  Eschrick- 
lius  gibbosus. 

The  Biscayan  whale  is  a  slow-swimming 
species,  approximately  15  m  long  with  a  thick 
layer  of  fat.  It  is  very  widely  distributed 
throughout  the  world  -  3  subspecies  are  rec- 
ognized at  present  This  species  has  always 
been  an  easv  prey  foe  whalers  in  sev^al  areas 
of  the  wt  ^rld  The  quite  good  documentation  of 
the  last  century  shows  that  the  southern 
sub-species  (or  species?),  Eubalaena  glacialis 

australis,  which  was  considered  a'^  heing  un- 
believably abundant  in  the  begmnm^  of  the 
century  (Harmer,  1928)  was  reduced  to  the 
verge  of  extinction  some  50  years  later.  In  the 
latter  part  of  the  Middle  Ages,  each  of  at  least 
20  fishing  towns  on  the  Bay  of  Biscay  captured 
some  3  whales  per  year,  until  the  species  be- 
came more  and  more  rare,  and  from  the  1600s 
onward  onlv  appeared  irregularly.  The  dimin- 
ishing numbers  of  whales  in  their  waters 
induced  the  Biscayans  to  undertake  longer 
voyages  into  the  Atlantic  Ocean  and  perhaps 
to  other  seas  (van  Beneden.  1878.  even  thinks 
that  they  hunted  in  the  English  Channel  and 
the  North  Sea,  but  no  proof  of  this  has  yet  been 
provided).  It  is  possible  that  during  their 
yearly  migration  the  Biscayan  whales  not  only 
visited  the  Bay  of  Biscay  but  also  the  English 
Channel  and  uie  North  Sea,  where  they  fell  an 
easy  prey  to  the  specialized  fishermen.  The 
location  of  Rouloiine  and  Calais  near  the  Isth- 
mus between  both  seas  put  these  cities  in  a 
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very  favourable  position  for  predation  on  this 
migrating  species. 

A  few  facts  support  the  supposition  that 
Eubalaena  was  involved  in  this  early  whaling. 

The  short  description  given  by  a  chron- 
icler of  a  whale  42  ft  long,  caught  near  Ostend 
in  1178  and  presented  to  the  Flemish  Count 
Philip  of  Alsace,  says  that  the  snout  resembled 
the  beak  of  an  eagle.  This  probably  refers  to 
the  typical  curvature  of  the  lips  of  thi:>  species 
(De  Smet,  1974). 

Many  ribs,  vertebrae  and  jaw  bones 
found  near  the  Flemish  coast  in  Belgium  and 
France  (Ostend,  Fumes,  Mardyck,  Calais)  and 
even  far  inshore  (Guemps  in  northern  France) 
and  in  Zealand,  Middelburg  (De  Smet,  1974) 
have  been  identified  by  van  Beneden  as  be- 
longing to  Eubalaena.  These  bones  are  present 
in  human  settlements  of  different  ages  and  it  is 
possible  that  they  come  from  stranded  ani- 
mals; it  is  likely  however,  that  this  species  was 
far  more  abundant  than  at  present. 

The  other  possible  species,  the  grey 
whale,  Eschrichtius  gibbosus^  woukl  seem  to  be 
easily  ruled  out  because  it  is  at  present  extant 
only  in  the  North  Pacific  Ocean.  But  as  early  as 
1936,  from  evidence  derived  fiom  tiw  disoilv- 
eiy  of  several  remains  of  this  species  in  Eu- 
rope, van  Deinse  and  Junge  states  that  the 
extinction  of  this  species  in  the  Atlantic  Ocean 
may  have  occurred  much  later  than  generalty 
believed.  These  authors  propose  that  the 
"scrag-whale"  described  by  Dudley  in  1725  as 
one  of  the  whales  hunted  near  the  northeast 
coast  of  America,  and  repeatedly  cited  by  sev> 
end  authors  in  the  1700,  s,  is  none  other  than 
this  species.  Recently,  Fraser  (1970)  has  sup- 
ported this  opinion  by  finding  that  a  whale 
described  in  a  17di  centuiy  fcelandic  book 
must  be  the  grey  whale.  Thus,  it  would  not  be 
out  of  the  question  to  assume  that  in  the  Mid- 
dle Ages  the  grey  whale  was  still  present  in  the 
eastern  part  of  the  North  Athmtic  Ocean  and 
that  it  annually  visited  the  North  Sea  and  even 
the  English  Channel  for  calving.  Several 
places  along  the  coast  of  the  North  Sea,  e.g.,  the 
Rhine-Scfaeldt-Meuse  delta  and  the  Wadden 
Sea,  would  provide  exoelleat  calving  grounds, 


comparable  to  those  frequented  by  this  species 
in  Baja  California.  The  story  that  in  the  mouth 
of  the  Seine  **fishes**  50  ft  long  were  repeatedly 
caught  would  fit  quite  well  with  such  an  as- 
sumption Re-examination  of  the  subfossil 
whale  bones  of  the  European  coasts  would 
probably  provide  more  concrete  information 
on  the  presoice  or  absence  of  this  species  in 
European  waters  during  the  Middle  Ages. 


Hunting  of  smaller  species 


The  catching  of  smaller  cetaceans  has 
also  been  a  regular  business  in  several  places 
on  the  coasts  of  the  North  Sea.  There  is  no 
doubt  that  several  of  the  leferences  given 
above  could  refer  not  to  large  whales  but  to 
porpoises  and  dolphins. 

Before  the  well-known  and  large-scale 
take  of  harbour  porpoises  began  between  die 
Danish  islands  in  the  16th  century,  active  por- 
poise hunting  had  occurred  elsewhere.  In  the 
Flemish  village  of  Wenduine,  hunting  started 
in  1340,  after  an  official  order  had  been  ob- 
tained, because  of  the  destruction  that  the 
harbour  porpoise  caused  to  the  fishermen's 
nets  (De  Smet,  1974).  In  the  markets  of  the 
Flemish  towns  of  Ypres,  Damme  and  Nieuw- 
poort,  porpoise  meat  was  among  the  most 
common  products  (Degryse,  1944)  In  Nor- 
mandy (Thomazi,  1947)  this  species  was  very 
often  caught  in  several  places,  especially  near 
F^mp  and  at  the  mouth  of  die  Seine  near 
Jumicgcs.  from  where  it  was  exported  to  Paris, 
London  or  other  large  towns.  King  Henry  Vi 
of  England  liked  die  meat  of  this  porpoise  veiy 
much,  according  to  a  charter  of  1426  (Slijper, 
1958).  as  did  his  son.  Henry  VII. 

Mediaeval  texts  also  oAen  refer  to  an 
animal  called  "crassus  friscbT  (fat  fish),  **cras- 
pois"  or  "graspois".  It  is  not  clear  if  this  refers 
to  dolphins,  but  the  animal  in  question 
was  found  regularly  in  mediaeval  markets 
(Degiyse,  1944;  Lestocquoy,  1948;  Fischer, 
1881;  Cochin,  1935).  307 
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Conclusions 


If  true  whales  are  rare  at  present  in  the 
North  Sea  and  English  Channel,  despite  the 
fact  that  Roman  and  mediaeval  texts  give  the 
impression  of  their  regular  occurrence,  it  is 
dear  that  the  number  of  animals  must  have 
decreased  considerably  during  the  late  Middle 
Ages.  One  of  the  causes  of  this  phenomenon 
may  have  been  over-exploitation  by  man.  If 
grey  whales  still  existed  in  these  waters  during 
the  Middle  Ages  (a  fact  still  unproven),  they 
must  have  been  easSly  killed,  just  as  they  were 
during  the  1800s  on  the  east  and  west  coasts  of 
the  North  Pacific  Ocean,  even  by  primitive 
hunting  methods.  The  numbers  of  Biscayan 
whales,  whose  past  occurrenoe  in  the  North 
Sea  is  proved  by  irregular  cases  in  later  centu- 
ries and  by  many  subfossil  findings,  must  have 
declined  seriously.  As  this  species  apparently 
recoveis  vcfy  poorl3r,  even  witii  good  protec- 
tioii»  it  is  not  surprising  if  hunting  over  a  long 


tmie  period  has  caused  its  numbers  to  drop 
consistently.  In  this  area,  the  pelagic  balae- 
nopterids  have  not  taken  over  the  ecological 
niche  left  vacant  by  the  demise  of  the 
slow-swmiming  coastal  species.  Thus,  the 
North  Sea  is  at  present  uninhabited  by  large 
cetaceans. 
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ACnVIDAD  BALLENERA  EN  EL  PAOFICO  SUR-ORIENTAL 


L.G.  Arriaga 


Abstract 

Wiihin  the  sphere  of  the  Permanent  Cummissiion  fur  the  South  Pacific  (CPPS)  -  Chile. 
Ecuador  and  Ptru  -  whaling  activity  is  based  mainly  on  cachalot  {Physeter  maerocephahs) 

hunting,  and  in  recent  vears  there  \\a^  in  increase  in  the  size  of  catches  of  the  sei  whale 
(Baktenoptera  boreaiis).  Of  the  three  previously  mentioned  countries,  Ecuador  does  not  have 
whaling  activity. 

In  1950  catches  in  Chile  and  Peru  came  to  769.  a  figure  which  increased  progressively 
uhtil  it  levelled  off  at  about  5  500  per  year  during  the  1959-62  period  (Saetersdal  ei  aL,  1963; 
Mejia,  1964:  1%S),  consisting  of  an  average  of  97  percent  of  cachalots  and  3  percent  of  other 
species  (sei.  fin.  and  humpback  w  hales).  In  196.1  the  \  olume  of  catches  began  to  decline  and 
between  1%5  and  1970  the  yearly  average  was  about  2  000.  During  this  last  period  and  up  to 
the  present  lime,  two  land-based  stations  have  been  operating  in  the  region,  one  in  Chile 
(Talcahuano,  36''4S'S)  and  the  other  in  Peru  (Paita,  OS'OS'S),  having  two  and  three  whaling 
vessels,  respectively. 

In  the  1968-74  period  the  annual  average  of  cetacean  catches  in  Chile  w  as  283.8.  Total 
catches  for  the  entire  period  contained  88  J  percent  of  cachalott  and  1 1.7  percent  of  other 
species. 

According  to  the  monthly  rcpori.s  received  at  ilie  CFPS,  the  catch  in  Peru  (Paiia)  during 
the  period  from  December  1974  to  May  was  of  Ihe  following  order. 


Species 

Size  (m> 

Males 

Females 

Toul 

Fin 

more  than  15.0 

i 

3 

11 

Sei 

10.0-11.9 

53 

58 

III 

I2.(^-14.9 

368 

318 

686 

marc  than  l.s.O 

2 

22 

24 

Cachalot 

9.0-  9  9 

240 

408 

648 

10.0- 11. V 

662 

127 

789 

more  than  12.0 

189 

1 

190 

Total 

2439 

For  the  purpose  of  comparison,  following  the  methodology  of  Saetersdal  et  a!.  (1963) 

and  Mejis  (I%4.  1965)  catch-per-unii  cfTort  (da\ /whaler  at  sea)  \>.as  established,  resulting  in 
levels  of  3.04  cachalots  p.u.e.  for  January-May  1976.  Compared  to  the  data  of  the  authors  cited 
for  the  Plaita  area,  these  fllgures  are  higher  than  those  of  1964  (2.70)  and  196S  (2.5S):  similar  lo  311 
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Ihose  of  1962  (3.09)  and  1963  (3.03).  and  lower  ihan  ihc  figures  lor  the  1958-61  period 
(between  3.56  md  4.09). 

Tn  the  last  few  years  wc  have  noted  a  paralysis  in  the  invcKtij^ation  of  oelaocan  popula- 
tions in  the  region,  so  that  there  is  a  need  to  recommence  these  studies. 

Dans  le  cadre  de  la  Comnusston  peitnanente  du  Pactfique  Sod  (CPPS),  constitute  par  le 

Chili,  TEquateur  et  le  P^rou,  I'activit^  des  baleiniers  repose  essentiellement  sur  la  chasse  aux 
cachalots  (Physeter  macrocephatus).  ct  ces  demiires  ann^s  les  captures  de  rorquals  dc  Rudolf 
{Bataenoptera  borealis)  ont  pris  de  Timportanoe.  Pkimi  les  trois  pays  susmentionn6s,  I'Equa- 
teur  ne  participe  pas  h  la  chasse  k  la  bateine. 

Les  prises  du  Chili  et  du  Pdrou.  qui  attcipnaient  769  unites  cn  N'>(t  (ini  augments 
progressivement  pour  se  stabiliser  aux  environs  de  5  500  captures  par  an  durani  la  periode 
1959-62  (Saetersdal  et  ai,  1963;  Mejia,  1964.  1965);  sur  cc  total  on  comptait  en  moyenne  97 
pour  cent  de  cachalots  et  3  pour  cent  dc  cetaces  d'autres  especes  t  rorqiinls  de  Rudolf,  rorquals 
communs,  jubartes).  En  1963,  le  volume  des  prises  a  commence  a  decliner,  et  la  moyenne 
annudle  s'est  sttute  aux  environs  de  2  000  unites  enire  1965  et  1970.  Durant  oette  piriode  et 
jusqu'a  present  deux  stations  terrestres  ont  opdri  dans  la  rdgion.  Tune  an  Chili  (Talcahuano. 
36*45'  de  latitude  sud)  et  I'autre  au  Pdrou  (Paila,  05^05'  de  latitude  sud),  chacune  dotee  de 
deux  k  trois  chasseurs  de  baleines. 

Durant  la  piriodc  1968-74.  la  moyenne  annucllc  des  captures  de  cdtactJs  a  atteint  283.8 
unit^  au  Chth.  Pendant  toute  cette  periode,  les  captures  toiales  comportaient  883  pour  cent 
de  cachalots  et  1 1,7  pour  cent  d*autres  esptees  de  cttac^. 

On  trouvera  ci-apres  un  tableau  des  captures  faitcs  au  Pcrou  (Paita)  pendant  la  piriode 
de  d6cembre  1974  4  mai  1976,  selon  les  donn^  mensuelles  communique  4  la  CPPS. 


Espccc 

Taillc  (m) 

Males 

Femelles 

Total 

Rorquals  communs 

plus  de  IS.O 

8 

3 

11 

Rorquals  de  Rudolf 

10.0-11.9 

53 

58 

111 

12,0-14.9 

368 

318 

686 

plus  de  15,0 

2 

22 

24 

CacbakMs 

9,0-  9.9 

240 

408 

648 

10.0-11,9 

662 

127 

789 

plus  de  12,0 

189 

t 

190 

Total 

24S9 

En  dderminant,  d  des  Hns comparatives,  les  captures  par  unite  d'effort  (jour/chasseur  4 
la  mer)  en  suivant  la  methode  de  Saeter'^dal  f.  <ii  ( l%3)  et  de  Mejia  (1964.  1%5),  on  a  obtenu 
les  vakurs  suivantes.  3.04  cachaloLs  par  unite  d  cllorl  pour  1975  et  2,72  cachalots  par  unit^ 
d'effort  pour  janvier-mai  1976.  Ces  chiffres,  compares  aux  donndes  des  auteun  cit6n  pour  la 
zone  de  Paita,  excWentceux  de  1964  (2.70)  et  de  1965  (2.55);  iLs  .sont  analogues  A  ccux  dc  1962 
(3,09)  et  de  1963  (3,03)  et  infdncurs  aux  chillrcs  relatifs  k  la  periode  1958-61  (entre  3,56  et 
4,09). 

Ces  demidrcs  anndcs,  on  a  constat^  que  Ics  rcchcrchcs  sur  les  populations  de  c6tac6s 
3 12     dans  la  region  sont  au  point  mort,  cc  qui  rend  ncccssairc  unc  reprise  des  travaux. 
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En  el  dmbito  de  la  Comisidn  Permanente  del  Pucifico  Sur(CPPS)  -  Chile,  Ecoador  y 

Peril  -  la  aclividad  ballenera  esti  sustentada  principalmente  por  la  ca/a  de  cachalotcs 
(Ph/seter  macrocephalus),  y  en  io&  ullimos  anos  aumento  la  significacion  de  las  capturas  de 
bolieiM  boba  o  sei  (Baiaenoptera  boreaUs).  De  lac  tres  pafses,  Ecuador  nocuenia  orni  actividad 
baUencra. 

Las  capturas  en  Chile  y  Peru  alcanzaron  en  1950  a  769  ejeniplares,  cifra  que  aumenid 
progresivameiite  hasta  estacionarse  en  alrededor  de  5  500  por  alio  en  el  perlodo  1959^2 
(Saetersdalera£,  1963;  Mejia.  I%4  y  1965).  comprendiendo  en  promedio  un  97  por  dcnto  de 
cachalotcs  y  on  3  por  cienio  de  oiras  espccies  (ballena  sei,  ballena  fin,  ballena  de  joroba).  En 
1963  ae  auci6  una  dedinaddn  dd  volumen  de  capturas  y  entre  I965-70  el  promedio  anud  fue 
de  alrededor  de  2  000  ejemplares.  En  este  ultitiio  periodo  y  hasta  la  fccha  actual  operan  en  la 
regi6n  dos  eslaciones  terrestres:  una  en  Chile  (Talcahuano,  36''45'  lat.  S)  y  otra  en  Peru  (Paita, 
05^'  lat.  S),  contando  con  dos  y  tres  buques  cazadores,  respcctivamente. 

En  c!  periodo  1968-74.  el  promedio  anualdecaptun$decetioeos en  Chile  Aiede  283,8 
ejemplares.  En  todo  este  periodo.  las  capturas  totalcs  oomprendiefon  un  88,3  por  deuio  de 
cachalotcs  y  un  1 1.7  por  cicnto  dc  olras  espccies. 

La  captura  en  PerA  (Paita)  en  el  periodo  de  diciembre  de  1974  a  mayo  de  1976,  de 
acoerdo  con  U»  tnformes  mensuales  lecibidos  en  la  CPPS,  fue  del  orden  siguienle: 


Especie 

Talla  (01) 

Machos 

Hcmbfas 

Total 

B.  fin 

mfo  de  134) 

8 

3 

II 

B.  sei 

10,0-11,9 

53 

58 

111 

i:.n-i4.9 

318 

616 

mas  de  l.^-.O 

2 

22 

24 

Cachalote 

9,0-  9,9 

240 

m 

648 

10,0-11.9 

662 

127 

789 

mis  de  12,0 

189 

1 

190 

Total 

2459 

Con  lines  comparalivos  y  siguiendo la  mciixlologia  de  Sactcrsdal eiaL  (1963) yde  Mejia 
( 1964  y  1%5)  se  determino  la  captura  por  unidad  de  esfuerzo  (dia/buque  cazador,  en  el  mar), 
obteniendose  valores  de  3,04  cachalotcs  p.u.e.  para  1975  y  de  2,72  cachalotcs  p.u.e.  para 
eiiero*iiuiyo  de  1976.  Estas  cifras.  comparadas  con  datos  de  los  autores  citados  para  la  zona  dc 
Paita.  son  supcriorcs  a  las  dc  1%4  (2.70)  y  l^^*^  (2,55):  similarcs  a  las  de  1962(3,09)y  1963 
(3,03);  e  infenores  a  las  del  periodo  1958-61  (cmrc  3,56  y  4,09). 

En  los  ultimos  aftos  se  ha  observado  una  parali/aci6n  en  la  investigact6n  de  las  poUa- 
dooes  de  cet^iceos  en  la  re^o,  siendo  neccsaria  la  reiniciacidn  de  los  estudios. 


L.  Arriaga 

ConUsUn  FamaneHU  M  Foelfico  Sur,  CasOla  16199,  Santiago  9.  (Me  313 
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En  el  imbito  de  los  tres  paises  que  for- 

man  la  Coinlsi6n  Permaneate  ael  Pacinco  Sur 
(CPPS),  la  caza  de  ballenas  es  realizada  por 
Chile  y  Peru.  Ecuador  no  ha  efectuado  captu- 
ras  hasta  la  fecha  actual  La  aclividad  est& 
sustentada  prindpaknente  por  el  foenamiento 
de  cachalotes  (Physeter  catodon)  y.  en  los  ulti- 
mos  anos,  tiene  importante  signiflcacibn  la 
caza  de  baBena  boba  o  sei  (Bmaawptera  bo- 
realis),  contandose  tambien  una  reductda  pro- 
porcion  de  ballena  de  aleta  o  fimbaque  {B. 
physalus). 

Las  mas  amplias  informacbnes  sobre 
capturas  y  condiciones  de  poblad6n  de  balle- 
nas en  e!  Pacifico  SE  (correspondientes  a  es- 
tudios  efecluados  en  la  regi6n)  pueden  encon- 
tiaise  en  dtferentes  trabajos  que  se  dtan  en  la 
bibliografia,  la  mayoria  de  ellos  realizados 
entre  1961-65.  Lamentahlcmcnte,  con  la  de- 
chnacion  de  la  actividad  ballenera  a  partir  de 
1964,  tambi£n  decredd  el  esfiieizo  dentlfico 
dedicado  al  estudio  de  las  ballenas.  Los  datos 
principales  que  incluimos  en  el  presente  in- 
forme  correspondcn  a  las  actividades  recientes 

y  de  acttttdo  a  las  informadones  que  estd  re- 
dbiendo  la  CPPS,  prindpalmente  de  Pterfi. 


Refisidn  de  iidbinracioMs  (1951-65) 

Las  series  estad'isticas  para  el  per'iodo 
indicado  han  sido  publicadas  por  diferentes 
aulores  (Saetendal  et  al.,  1963;  Mejia,  1964, 
1965),  en  las  que  se  puede  obscrvar  que  la  caza 
de  ballenas  en  el  Pacifico  Sh  crecio  progrcsi- 
vamente  desde  1950  (769  ejemplares)  para  cs- 
tadooafse  en  alrededor  de  S  SOO  baOenas  por 
aiio  entre  1959-62.  cuya  composicion  prome- 
dio  corresf)onde  a  un  97  %  de  cachalotes  y  el 
3  %  restante  a  otras  especies  (ballena  a/ul,  ba- 
Uena  de  aleta,  ballena  joiobada  y  sd).  Se  ex- 


ceptilia  195 1,  ano  en  que  se  alcanzo  la  cifra  mis 
alta  conocida  para  el  Pacifico  SE  (7  113  ca- 
chalotes +  410  de  otras  espedes),  producddn 
originada  en  la  actividad  de  4  factorias  flotan* 
tes  con  SI  buques  cazadores. 

Fxceptuando  1951  y  1954  fopero  una 
factor'ia  llotante),  la  actividad  ballenera  de  la 
regidn  fue  realizada  con  partidpad6n  de  6 
estaciones  terrestres  (en  algunos  afios  5X  3  lo- 
calizadas  en  Chile  y  3  en  Peru 

A  partir  de  1963  se  iiucio  la  dedinadon 
de  las  capturas  <1963  «  4763;  1964  «  3  273 
cachalotes)  y  entre  1965-70  d  promedio  anual 
de  capturas  totales  para  Chile  v  Peru  fue  de 
alrededor  de  2  000  ejemplares.  La  dcclinacion 
de  las  capturas  estuvo  originada  en  la  reduc- 
cion  del  stock  de  cachalotes  (Mej'ia,  1964, 
1965)  a  un  nivel  tal  que  las  bajas  capturas 
obhgaron  al  derre  de  dos  factorias  en  Peru 
(1974).  Esta  dtuaddn  tambifo  fue  evidente  en 
Chile,  y  actualmmte  operan  en  la  regi6n  sMo 
dos  estadones  terrestres,  una  en  cada  pais. 


Poblacion  y  datos  biolugkos 

La  poblaci6n  de  cachalotes  del  Pacifico 

SE  parece  mantenerse  baslante  estacionaria 
dentro  del  area  comprendida  entre  las  Islas 
Galapagos  y  los  40"  Lai.  S,  lo  cual  es  parlicu- 
laimente  evidente  en  el  caso  de  las  hembras  y, 
probablemente,  de  los  machos  jovenes.  Una 
derta  parte  de  la  poblaci(Sn.  consistente  espe- 
cialmente  de  machos  dc  gran  talia,  se  desplaza 
hada  la  Ant^ida  y  puede  retomar  al  Pacifico 
SE  (Hdnsen.  1957;  Saetersdal  et  al..  1963),  Al 
rcspecto,  por  lo  menos  un  individuo  de  cacha- 
lote  procedente  de  la  Antartida  fue  registrado 
con  certeza  en  Talcahuano,  Chile  (Clarice  et 
aL,  1964). 

La  distribucion  y  abundancia  de  la  po- 
blad6n  de  cachalotes  del  Pacifico  SE  estaria 
vinculada  a  la  alta  productividad  del  sistema 
de  Corrientes  de  Humboldt,  ocurricndo  un 
desplazamiento  hacia  cl  sur  a  partir  de  sep- 
tiembre,  lo  cual  es  concordante  con  la  mayor 
captura  observada  durante  didembre  en  la 
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Antartida  y,  al  respccio,  Sactcrsdal  et  al^ 
(1963)  estiman  como  irifis  probable  la  existen- 
cia  de  «  una  perdida  continua  de  machos  hacia 
las  latitudes  a!tas  en  Ingar  de  una  migra- 
ci6n  estadonal  regular  », 

La  temporada  de  apareamiento  del  ca- 
chalote  en  el  Pacifico  SE  se  prolonga  por  1 1 
meses  (abril-febrero),  con  una  ocunenaa  pre> 
feiente  entrc  junio  y  diciembfc  (inviemo-pri- 
mavera  del  H.S.)  y  un  maximo  en  septiembre. 
La  gestacion  se  prolonga  por  518  dias  (17  me- 
ses) y  los  paitos  ocurren  entre  septiembre-ju- 
lio,  espedalmente  entre  noviembre-mayo,  con 
un  miximo  en  febrero  (Clarke  et  ai.  1974). 
Otros  dates  biologicos  basados  en  el  estudio  de 
2  162  ejemplares  (1  235  machos  y  927  hem- 
bras)  de  Chile  y  Peru  por  Clarke,  Aguayo  y 
Paliza  (1964)  y  de  1  200  hem  bras  del  Peru 
(Mejia,  1%3),  establecen  los  siguientes  resul- 
tados: 

Machos: 

Longitud  media  a  la 

madurez  sexual  (SO  %)    9,8  m 

Hembras: 

Longitud  media  a  la 

madurez  sexual  (SO  %)  8,6  m  (Clarke  et  oL, 

Chile-Peru) 

8,7  m  (Mejia,  Peru) 

Range  a  la  primera 

madurez  7,6-9,8  m 

(Mejia,  Peru) 

Las  informackuies  sobie  aspectos  de 

poblaciones  y  biol6g!cos  para  otras  especies  de 
ballenas  presentes  en  el  Pacifico  SE,  que  esten 
basadas  en  estudios  efectuados  en  la  regi6n. 
son  muy  escasas.  Algunas  conclusiones  fueron 
establecidas  por  Clarke  (1962).  tales  como:  la 
ballena  de  aleta  migra  en  primavera  (H.S.) 
hacia  la  Ant^btida  y  la  misma  poblaci6n  que  es 
cazada  en  aguas  de  Chile  en  primavera  es 
capturada  durante  el  verano  en  la  Antartida. 
Cita  tambi^n  el  primer  registro  probado  de 
una  ballena  Biyde  en  el  Pacifico  SB  (Iquique, 
ChUe). 


Revisi6n  de  infomiacMu  actual  diaponi- 
lileenlaCPPS 


Caza  de  ballenas  en  chile  (1968-74) 

Las  informaciones  disponibles  (Tabla  1) 
comprenden  datos  globales  por  espede  de  las 
capturas  efectuadas  por  la  unica  estacidn  te- 
rrestre  que  opera  actualmente  en  Talcahuano 
(36"45'  Lat.  S)  con  la  intervencion  de  2  buques 
cazadores.  S61o  para  1974  se  informd  de  la 
composicion  por  sexos  de  las  capturas  lotales: 
30,7  %  machos  y  693  %  hembras. 


Tabla  I.   Capturas  totales  por  especies  en  Cbile  (196S-74) 


1968 

1969 

1970 

1971 

1972 

1973 

1974 

Azul 

1 

1 

Alcia 

25 

3 

3 

2 

Jorobada 

1 

1 

Sei 

83 

31 

17 

1 

15 

14 

32 

Cachalote 

319 

221 

270 

246 

337 

232 

130 

Otras 

2 

Total 

428 

253 

291 

253 

352 

246 

164 

FnoBic:  M.  Vm|m.  OivisiAn  4e  Pom  y  Cua.  SAG,  CkMe  (con.  paseml)i 


Caza  de  ballenas  en  peru  (197S-7Q 

A  partir  de  diciembre  de  1974  la  CPPS 
esta  recibiendo  regularmente  los  datos  sobre 
caza  de  ballenas  en  el  Perti  por  intermedto  de 
la  Secd6n  Peruana  de  la  CPPS.  Los  datos  co- 
rresponden  a  las  capturas  de  la  unica  estacion 
terrestrc  que  opera  actualmente  en  Paita 
(OStkS*  lat  S)  con  el  apoyo  de  tres  buques 

cazadores. 

Composicidn  de  las  capturas  por  apecies 

En  la  Tabla  2  se  puede  apreciar  una 
mayor  panicipaddn  de  la  ballena  boba  (sei)  en 
las  capturas  totales  y  la  disminucidn  en  por- 
oentaje  de  las  capturas  de  cachalotes  en  rela-  315 
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TiHb  2. 


Alio 

Espede 

Captunu 

N"dc 
ejemplares 

% 

1975 

Cachalolc 

793 

59.1 

B,  boba  (sei) 

545 

40.6 

B.  de  aleu  (fin) 

5 

0,3 

1342 

100,0 

(encro- 
miyo) 

Cachalolc 
B.  boba 

B.deiteta(fia) 

699 
213 
« 

918 

76.1 
23.2 
0.7 

100,0 

cion  al  periodo  1959-62  (97^).  El  desplaza- 
miento  del  esfucrzo  de  caza  hacia  especies  di- 
ferentes  ai  cachalotc  sc  inicio  desde  1963, 
conforme  ftie  obseivado  por  Mejia  (196S)  oo- 
mo  una  consecuencia  de  la  declinaci6ii  dd 
stock  de  cachalote  en  el  Padfico  S£. 


Talla  y  sexo  de  las  capturas  de  bailena 
boba  y  de  baSHma  de  ofels  (dkaemtm 
1974-mayo  1976) 

I  OS  datos  recibidos  presentan  la  talla  de 
cada  ejemplar  cazado.  La  Tabla  3  muestra 


(Piita) 


Mes 


Bailena  boba  <Sd) 
10.0-1 1,9  m  I2.0>I4,9  m       mis  dc  15.0  m 

M         H         M         H  M  H 


dktembre  1974 


Total 


Bailena  de  aleia  (Fin) 
mSs  de  15,0  m 


M 


H 


Total 


34 


24 


63 


encfo  1975 

3 

47 

29 

79 

febmo 

10 

11 

21 

maiao 

3 

24 

27 

54 

abHl 

4 

2 

24 

22 

52 

ni.iMi- ulio' 

17 

8 

2 

1 

28 

1 

1 

septiembre 

45 

32 

7 

84 

I 

1 

octubre 

7 

8 

36 

32 

3 

86 

noviembre 

8 

13 

25 

19 

65 

1 

1 

dicieoibfc 

2 

3 

26 

39 

6 

76 

1 

1 

Total  1975 

27 

26 

254 

219 

2 

17 

545 

3 

1 

4 

ciicTM  1976 

6 

9 

49 

4 

105 

2 

2 

febrero 

6 

4 

21 

18 

I 

50 

3 

3 

mano 

11 

13 

24 

1 

I 

abril 

1 

1 

mayo 

1 

1 

10 

19 

33 

enero-mayo  1976 

24 

29 

80 

75 

5 

213 

5 

1 

6 

Todo  cl  periodo 

53 

58 

368 

318 

2 

22 

821 

8 

3 

11 

Panicipaci6n  (%) 

13,5 

83.6 

2,9 

100 

ComposidAn  por  sexo  (%) 

madios  47,7  53,6  8,3  5U  72,7 

bembras  524  46^  91,7  48«5  274 
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TaUa  4.   Composlctdn  por  talia  (m)  y  sexo  en  las  capluras  de  cachalolc  (Paita) 


m 

lU.U- 1  I.V 

m 

Mas  de 

li,u  m 

Mcs 

Total 

M 

H 

M 

H 

M 

n 

dicicmbrc  1974 

45 

34 

22 

13 

20 

1 

135 

cncro  1975 

17 

14 

45 

5 

16 

- 

97 

febrero 

39 

47 

52 

14 

31 

— 

183 

marzo 

6 

13 

40 

3 

20 

— 

82 

abril 

7 

13 

8 

1 

14 

— 

43 

mayo-julio ' 

* 

ago&to 

1 

2 

3 

septiembre 

10 

12 

12 

3 

2 

— 

39 

iKlubrc 

30 

47 

43 

5 

4 

129 

noviembre 

16 

30 

48 

2 

1 

- 

97 

diciembre 

8 

2! 

69 

8 

14 

— 

120 

Total  1975 

133 

197 

318 

41 

104 

793 

enero  1976 

5 

32 

66 

7 

16 

126 

febrero 

9 

36 

43 

16 

10 

114 

marzo 

15 

53 

107 

15 

7 

197 

abril 

11 

32 

56 

19 

25 

143 

mayo 

22 

24 

50 

16 

7 

119 

enero-mayo  1976 

62 

177 

322 

73 

65 

699 

Todo  el  periodo 

240 

408 

662 

127 

189 

I 

1627 

(14.7  ff) 

(25.1  ^f) 

(40.7?) 

(7.8 

(11.6?) 

(0.06  ^f) 

(100,0  9) 

Participad6n  (?)  39.8  48.5  U.7  100.0 


Composicidn  por 
sexo  (?) 

machos  37.0  83.9                              99.5  67.1 

hembras  63.7  16.1                                0,7  32.9 


M  •  macho.    H  ••  hemhra. 

'  ixm  buqun  pcrmanccicron  cn  pucrto 


TaMa  5.   Comparaci6n  de  capttiras  de  eaehalote«  por  unidad  de  esfuerzo  etitre  diferente^  periodos  (Paita) 


I  ucnic 

Periodo 

tsfuerzo 
(dia-cazador) 

Capiura  por 
dia-cazador 

Saetersdal.  Mejia  y  Ramirez,  1963 

1958 
1959 
1960 
1961 

327.5 
543.9 
476.0 
547.0 

4.09 
3.56 
4.00 
4.05 

J.  Mejia.  1964 

l%2 

1963 

511.2 
669.2 

3.09 
3.03 

J.  Mejia.  1965  (de  grafico) 

1964 

1965  (7  meses) 

2.70 

2.55 

Daios  este  informe 

1975 

1976  (enero-mayo) 

261 

257 

3.04 

2.72 
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la  composicidn  per  talla  proporcionada  por  la 
estaci6ii  de  Paita,  por  cuanto  s61o  en  ella  figura 
la  separaci6n  de  frecuencias  de  scxos  Se  oh- 
sen,  a  que  en  las  captiiras  de  hallena  boba  hay 
una  participacion  dominante  de  ejemplares 
entre  12,0  y  15,0  m  (83,6  %)  y  que  todas  las 
capturas  de  ballena  de  aleta  correspondieron  a 
una  talla  superior  a  15.0  m 

En  la  Tabla  3  consta  la  pruporcion  de  las 
capturas  por  sexo,  en  la  cual  observamos  una 
evidente  mayor  captura  de  hembras  de  ballena 
boba  (91,7  %)  en  las  tallas  de  mas  de  15,0  m. 

Datos  sobre  capturas  de  cachalote  (di- 
dembre  1974-mayo  1976) 

Como  en  el  caso  de  las  dos  espedes  an- 
te ri  ores,  con  la  finalidad  de  establecer  la  com- 
posicion  de  las  capturas  por  sexo,  sc  niantic- 
nen  los  rangos  de  talla  proporcionados  por  la 
estaci6n  de  ndta. 

I-a  mayor  participacion  en  las  capturas 
de  todo  el  periodo  corresponde  a  cachalotes 
entre  10,0  y  12,0  m  (48^5  %).  La  participacion 
por  sexo  en  las  capturas  totales,  para  los  rangos 

mdicados  en  la  Tabla  4,  presenta  una  mayor 
captura  de  machos  entre  10,0  y  12,0  m 
(40,7  %),  seguido  de  las  hembras  pertenecien- 
tes  a  la  categoria  de  9,0  a  10,0  m  (25,1  %). 
N6tese  la  baj'isima  participacion  do  hembras 
mayoresa  12,0  ni  (0.06  %),  represenlada  por  la 
captura  de  im  ejemplar  en  dkiembre  de  1974. 

La  observacidn  de  la  composicion  por 
sexes  &X  cada  categoria,  presenta  da  en  la  Ta- 
ll^ 4,  nos  demuestra  una  alta  participacion  de 
hembras  (63,0  %)  en  el  rango  de  9,0  a  10,-0  m 
y  la  casi  ausenda  de  hembras  con  mis  de 
12,0  m  ya  dtada.  Las  mayores  capturas  fueron 
efectuadas  sobre  la  poblad6n  de  machos 
(67, 1  %)  si  se  oonadeian  globafanente  todas  las 
categinlas. 


Capturas  por  unidad  de  esfuerzo  (cacha- 
hte) 

Lo-S  datos  sobre  el  esfuerzo  tic  ca/a  co- 
rresponden  al  total  de  dias  en  el  mar  ucdicados 
a  la  caza  de  cachalotes  por  los  ties  buqnes 
cazadores  que  operan  en  el  periodo  que  se 
analiza  para  la  estaci6n  de  Paita.  Los  tres  ca- 
zadores tienen  condiciones  similares  y  por 
tanto  se  estima  que  el  esfiierzo  de  ellos  es 
comparable  entre  si.  no  habiendose  efectuado 
correccion  alguna  por  tonelaje  u  otra  variable. 
Asi,  la  unidad  de  esfuerzo  corresponde  a 
dia-cazador  (en  viajeX  manteniendo  oon  fines 
de  comparaci6n  la  metodologia  usada  por 
Saelersdal  et  ai  (1963)  y  por  Mejia  (1964. 
1965).  Dcbemos  anotar  que  en  algunos  casos 
no  fue  posible  una  dara  separad6n  dd  es- 
fuerzo dedicado  a  la  caza  de  cachalote  y  el 
correspondiente  a  otras  especies;  sin  embargo, 
siendo  muy  pocas  estas  dificultades,  estima- 
mos  que  el  error  induddo  no  es  apredable.  En 
la  Tabla  5  presentamos  los  resultados  obteni- 
dos.  comparandolos  con  datos  antenores  para 
el  area  de  Paita. 

Teniendo  en  consideraciAn  que  la  rela- 

d6n  de  captura  por  unidad  de  esfuerzo  «  re- 
presenta  muy  bien  sobre  la  abundanda  del 
stock  *  (Mejia,  1965),  no  obstante  las  limita- 
dones  del  presente  informe,  podriamos  en- 
contrar  en  las  cifras  de  captura  por  dia-caza- 
dor  de  1975-76  una  Ugera  indicacidn  de  la  re- 
cuperaddn  del  stodc  de  cachalotes  en  el  Pad- 
fko  SE  y  que  los  niveles  del  mismo  podrian  ser 
comparables  a  los  de  los  anos  1962-64,  al  me- 
nos  para  el  area  de  Paita. 

Finalmente,  deberia  restableoerse  el  es- 
fuerzo de  investigacion  sobre  las  poblaciones 
de  cctAceos  del  Pacifico  SE,  aspecto  funda- 
mental para  que  el  manejo  de  su  explotadon 
oontenga  criterios  adecuados  para  la  oonser- 
vaddn  de  estos  recursos. 
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HISTORICAL  RECORDS  OF  AMERICAN  SPERM  WHAUNG 


R.C.  KUGLER 


Abstract 

The  means  ;ind  incentive  to  hunt  sperm  whales  roiinlarh  occurred  in  Americ:i  in  1750 
wilh  ihe  inirtMJucUtui  ol  iryworks  aboard  ihc  \csscl  and  ul  ihc  process  of  nianulacluring 
candles  fh>m  spermaceti.  The  number  of  whales  taken  before  the  American  Revolttlton, 
mostly  from  the  North  Ailnntic  \v:is  modest;  the  fishers  shut  down  diinng  the  war  and 
recoveiy  aAer  it  was  slow  until,  lullowmg  the  reopenmg  of  the  British  oil  market  after  the  War 
of  1812  and  the  growth  in  population  and  economic  activity  in  America,  the  fishety  entered  a 
period  of  prosperity,  with  intense  exploitation  of  sperm  whale  stocks  around  the  world,  lasting 
from  lb20  to  1860.  Most  of  the  sperm  oil  imported  into  the  United  States  duhng  this  period 
came  tnm  wbaKng  vessels  out  of  Nantucket  and  New  Bedford,  though  after  1843,  when  the 
American  fishcn.  hepan  to  decline.  New  Bedford  merchants  began  increasingly  to  dominate 
the  fisheiy  and  those  from  Nantucket  to  withdraw  from  it.  Imports  of  sperm  whale  oil  into 
America  were  more  than  40000  barrels  in  1821,  almost  167  000  barreb  in  1843,  less  than 
100  000  barrels  in  1850  (for  the  tln;t  time  in  18  years)  and,  after  the  Civil  War.  only  once 
exceeded  SO  000  barrels.  The  decline  of  the  fishery  was  related  more  to  market  factors, 
especially  competition  from  other  means  of  lighting  and  also  a  shift  of  interest  to  the  products 
of  right  and  bowhcad  whales,  rather  than  to  a  bclicfthat  sperm  whales  had  hcLi-mc  too  scarce 
lo  bunt  -  thus,  it  seems  that  stocks  of  sperm  whales  began  their  recovei^'  Irom  American 
whaling  as  eariy  as  1844.  While  records  of  American  sperm  whaling  can  be  useful  in  certain 
wa\s  to  those  concerned  with  management  of  these  whales  now  ,  this  use  is  probablv  limited. 
One  source  which  might  yield  much  of  the  information  hoped  to  be  obtained  bv  abstracting 
logbooks  today,  is  the  chart  of  world  sperm  and  right  whale  sightings  produced  by  M.E 
Murray  in  1852.  based  on  data  ftomabout  1 000  k^books,  mostly  firom  the  dccadc  of  greatest 
whaling  activity,  1835-4^. 

Les  moyens  et  la  motivation  de  la  pMie  v^uliire  du  cachalot  appararent  en  1750  en 

Amcriqiic  avcc  rinstaliali*>n  dcN  fondoirs  dc  gnUSK  a  bord  des  halcaux  c-i  l.i  fahri  j.i  t u  >ii  <lc 

chandelles  de  spermaceti.  Le  norobre  dc  bakdnes  captur^es  avant  la  revolution  amencaine, 
surtout  dans  TAtlantiq  ue  Nord,  itait  modeste;  la  pCcherie  fimna  pendant  la  guerre  et  ne  reprit 
que  lenlcment  jusqu'au  moment  oii.  a  la  suite  dc  la  rcouverturc  du  marchc  de  Thuile 
brilarmique  apris  la  guerre  de  18 12,  ainsi  que  de  la  croissancc  dcla  population  ct  de  I'activili 
teonomique  en  Am^que,  la  pCdte  entra  dans  une  piriode  de  pnvsp^ritc^  qui  dura  de  1820  A 
1860  avcc  I'exploitation  intense  dcs  stocks  mrndiaux  dc  cachaloLs.  l  a  m.ijcure  partic  dc  I  huilc 
de  cachalot  import^e  aux  Etals-Unis  ^  cette  epoque  provenait  de  balciniers  bas^  ^  Nantucket 
et  New  Bedford  mlkie  a  aprte  1843,  quand  la  p^che  amiticaitte  oommen^t  A  dteliner,  les 
maicbands  de  New  Bedford  oommcnc^tent  i  dominer  de  plus  en  phis  b  pMicrie  et  ceux  de  321 
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Nantucket  s'en  redr^renl.  Les  importations  d'huile  de  cachalot  en  Am^rique  ddpassaieni 
40  000  barils  en  1821,  atteignaient  presque  167  000barilsen  1843.  etaientinftrieuresi  100  000 
barils  en  1850  (pour  !a  premiere  fois  en  18  ans)  et.  apres  la  guerre  dc  Secession,  nc  dipasscrent 
qu'une  fois  50  000  banls.  Lc  dcclm  dc  la  pcchc  lut  lie  plus  a  dcs  facteurs  de  marche, 
spfcialement  la  concurrence  d'autres  procedes  d'eclairage  (et  aussi  un  ddplacement  de  I'tnti- 
r^l  vers  les  proi!uii\  des  haleines  franches  et  des  baleines  du  Groenland )  qu'a  i'iinprcssion  que 
les  cachalots  etaient  devenus  trop  fares  pour  qu'on  les  peche.  11  seniblc  atnsi  que  les  stocks  de 
cachalots  commencdrent  h  teprendre  cMs  1844.  aprts  le  falentissement  de  I'exploitatkHi 
americaine.  Si  Ic*-  archives  do  !a  chasse  americainc  an  cachalot  peuvent  avoir  une  ceriaine 
utility  pour  ceux  qui  s'lnterc^ent  actuellement  a  ram^nagcmcni  dc  cette  ressource,  cetie 
utility  est  probablemeiit  limitfe.  Une  source  susceptible  de  produire  une  bonne  partie  des 
informatinns  que  Ton  cherche  obtenir  aujourd'hui  des  livres  de  hord  est  la  carte  dcs 
lepcrugc^  vtsuels  de  cachalots  et  de  baleines  franches  etablie  par  M  .F.  M  urray  en  1852,  fondle 
sur  les  donnies  de  quelque  1 000  fivies  de  bord  piovenant  en  grande  partie  de  la  dteennie  de 
majeiw  activiti.  de  1835  k  1845. 


Extracto 


La  introduoci6n  en  America,  en  1750,  de  los  homos  para  fusibn  de  grasa  a  bordo  y  del 
proceso  dc  manuractura  dc  vclas  de  esperma  ofreci6  por  primcra  vez  los  medios  e  incentivos 
oecesarios  para  explotar  regularmente  las  pobladones de  cadialote.  El  numero  de  cachaloies 
caplurados  antes  de  la  RevDlucion  Americana,  en  su  mayoria  en  el  norte  del  Atlantico.  era 
modesto;  la  caza  sc  interrumpi6  durante  la  gucrra,  y  la  rccupcraci6n  dcspuds  dc  clla  fuc  Icnta, 
hasta  que,  al  abrirse  de  nuevo  el  mercado  britanico  de  grasas,  despues  de  la  guerra  de  1812.  y 
con  el  aiimento  de  la  pohlacii'^n  y  de  la  aetividad  ecdnoniiia  en  Estados  Unidos,  la  caza  del 
cachalolc  conocib  un  pcrunJu  de  prospcndad  que  duro  de  1820  a  I860,  durante  el  eual  se 
explotaron  mtenaameate  bs  poblaciones  de  cachalolc  de  todo  el  mundoi.  La  mayor  parte  del 
aceite  de  esperma  que  entr6  en  los  Estados  Unidos  durante  ese  periodo  procedia  de  los 
balleneros  de  Nantucket  y  New  Bcdlbrd.  aunquc  dcspu(is  dc  1843.  cuando  la  pesqucria 
americana  cmpczd  a  disminuir,  los  comcrciantcs  dc  New  Bedford  Tueron  progresivamcnte 
dominando  la  pesquer'ia  y  los  de  Nantucket  fueron  retirandf  ^M.'  do  ella  Las  descargas  de  aceite 
de  esperma  en  Estados  Unidos  fueron  de  mas  dc  40  000  barnlcs  cn  1 82 1 ,  casi  161  000  barhlcs 
en  1843ynieiiosde  lOOOOOen  lSSO(porprimefavezen  1 8  aAos),ydespufede  la  guerra  civil 
s<Slo  una  vez  superaron  los  50  (KX)  barriles  La  dismimu  ion  de  la  explotaci6n  del  cachalote  se 
dcb>6  m^  a  factorcs  de  mercado,  especialmenie  a  la  conipeiencia  de  otros  medios  de  ilumi- 
nacidn  y  a  un  despiazamienio  del  intents  hada  los  producios  deiivados  de  las  ballenas  firanca 

y  de  cabeia  an^Ueada,  <|Ue  a  la  conviccitSn  dc  que  los  cachaloies  eran  va  demnsiado  cscasos 
para  que  valien  la  pena  cazarlos.  Segiin  parece,  pues,  las  poblaciones  de  cachalote  oomen- 
zaion  a  recuperarse  de  la  explotaci6n  ya  en  1844.  St  bien  los  datos  existentes  sobre  la  caza  de 

cachalote  cn  los  Fstados  Unidos  pueden  scr  utiles  en  cieria  forma  para  (inirnc^  sc  lu  upan  hoy 
de  la  ordenaci6n  de  la  explotacion  de  esos  cetaceos,  su  uso  es  probablemente  Umitado.  Una 
ftiente  que  podrta  fiicilitar  buena  parte  de  la  informaci6n  que  boy  dia  se  espera  conseguir 
sacando  datos  dc  K  s  cuadernos  de  bitacora  cs  el  mapa  de  los  avistamientos  de  cachalolc  y 
baUena  franca  preparado  por  M.F.  Murray  en  1852,  basado  en  datos  procedentes  de  unos  mil 
diariOK  de  navegaci6n,  la  mayoiia  de  ellos  de  la  d6cad«  en  que  la  exploiaci6n  de  kw  cadialotes 
ftie  mis  activa:  1835-45. 


JLC.  Ku^r 

Wluiling  Museum,  Old  Dtulmoutk  Historical  Society,  18  Johnny  Cake  Hill,  New  Bedford, 
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AmcflCMi  flpcnn  wtutfaig 

The  begitmings 

Intensive  exploitation  of  worldwide 
sperm  whale  stocks  by  Americans  occurred 
during  the  40  years  from  1820  and  1860,  with 
the  peak  decade  falling  between  1835  and 
1845.  Although  the  origins  of  the  fisfaeiy  began 
as  early  as  1712,  neither  the  means  nor  the 
incentives  to  pursue  sperm  whales  came  into 
being  untU  1750. 

In  that  year,  two  innovations  provided 
both  technology  and  markets  fKueler.  1*>7I). 
I  he  tlrst  consisted  ol  the  introduction  ot  the 
tryworks  aboard  the  vessel,  thus  pennitting  the 
processing  of  the  blubber  immediately  after 
the  whale  was  captured  and  enabling  the 
cruise  to  be  extended  into  the  warmer  climates 
inhabited  by  sperm  whales. 

The  incentive  to  use  the  trv'works  also 
occurred  about  1750.  when  the  process  of  man- 
uluclunng  candies  troni  spermaceti  was 
introduced  into  the  American  colonies.  Ear- 
ner, the  prices  offered  by  merchants  for  sperm 
and  right  whale  oil  differed  little,  and  few  dis- 
tinctions were  made  between  the  two  in  the 
maiket-place.  Later,  as  candleworics  prolifer* 
ated,  the  two  oils  were  sold  as  separate  pro- 
duets,  with  the  higher  prices  offered  for  sper- 
maceti and  sperm  oil  providing  the  mainspring 
for  the  expansion  of  that  fishery. 

Before  the  American  Revolution,  the 
number  of  sperm  whales  taken  was  modest, 
limited  liv  the  small  ^e  of  the  vessels  then 
employed  and  by  the  restricted  amounts  of 
capital  available  to  underwrite  a  business  re- 
garded as  more  hsky  than  other  branches  of 
trade  or  commerce.  The  hunting  of  these 
whales  was  confined  for  the  most  part  to  the 
North  Atlantic,  although  successful  voyages 
had  been  made  to  such  South  Atlantic  grounds 
as  Walvis  Bay,  Brazil  Banks  and  Falldand  Is- 
lands (Islas  Malvinas). 

The  war  itself  shut  down  the  lisheiy. 
When  peace  came,  the  American  whalemen 
found  the  English  maiket,  the  only  one  of 


consequence,  barred  by  a  prohibitive  tariff. 
The  industry's  recovery  was  slow  and  fiftul, 
dependent  on  a  limited  domestic  consumption 
or  on  the  ability  to  penetrate  the  markets  of 
France  and  the  north  European  states.  For 
control  of  the  latter  markets,  Great  Britain 
began  to  compete  vigorously,  entering  the 
sperm  whale  fishery  for  the  first  time  and  of- 
fering generous  bounties  to  encourage  her 
menmants  and  investors.  The  adeptness  of  the 
Americans  as  sperm  whalers  could  not  be 
matched  so  rapidly  and  England's  effort  to 
break  the  former  ook>ny*s  monopoly  of  the 
fishery  did  not  survive  the  war  of  1 8 12. 

With  the  peace  of  1815.  the  American 
whahng  mdustr)  entered  a  period  of  prolong- 
ed prosperity,  based  partly  on  the  growth  in 
population  and  economic  activity  at  home, 
and  partly  on  the  reopening  of  the  British 
market  to  Amencan  oils. 

Intensive  expk^UOion  of  sperm  whak 
stocks 

In  1821,  the  annual  imports  of  sperm 
whale  oil  by  the  American  fleet  exceeded 
40  000  barrels  lor  the  lirst  time.  l  abie  1,  based 
on  Starbuck  (1878),  Hegarty  (1959X  and  Ly- 
man's Appendix  6.1  to  Nineteenth  Report  of 
the  International  Whaling  Commission  (1969), 
summarizes  annual  production,  from  1800  to 
1909: 

Source  of  production 

The  bulk  of  all  sperm  oil  imported  into 
the  United  States  in  the  period  1820-1860  was 
produced  by  vesseb  employed  solely  in  that 
fisheiy  by  the  whaling  merchants  of  Nantucket 
and  New  Bedford.  The  sources  of  sperm  w  hale 
production  m  1843,  a  year  of  near  record  im- 
ports, are  analysed  below  (Table  2). 

The  sources  of  sperm  oil  production 
changed  to  some  extent  between  1843  and 
1860,  the  principal  difference  being  New  Bed- 
ford's increasing  dxmiinance  of  the  fisheiy  and  323 
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Tdik  1.  US 


Average  yearly  Average  yearly  Average  number  Add  10  f  for 

Decade  US  catch,  in  world  catch,  whales  per  year  whales  and 

barrels '  in  barrels  40  and  45  bbis  ^  oil  losi  ^ 


II  910 

19  850 

496/  794 

873 

1810/19 

14  726 

22  655 

566/  906 

623/  997 

11120/29 

(493t 

92787 

2320/3711 

2552/4  082 

lt30/39 

126334 

147  414 

3  68S/5897 

4054/6487 

1840/49 

130628 

145790 

3  64S/S832 

4009/6415 

ISM)/?*) 

85  333 

94  814 

2  370/3  793 

2  607/4  172 

1860/69 

53  616 

59  573 

1  489/2  383 

1  638/2  621 

1870/79 

42  454 

47  171 

1  179.  1  8X7 

1  297/2  076 

I88n/K9 

24617 

27  352 

6H-4  1  im 

752/1  203 

1890/99 

14  321 

15  912 

y)X  f)36 

437/  700 

1900/09 

16  382 

18  202 

455/  728 

500/  801 

■  I  barrel  >  3I.Sgab  -  ITOkg. 

*  Ttie  oompataiicm  of  wtialts  lifeca  ant  2  a««agtt  AtqMiil^  filid  to  CMlicr  whtli^  MMdin.  U.  40  and  IS  tamlt  ptt  «kal*.  Laf book  lacaicb  aiighi  permit  a  stafic. 
more  itliabk  attaiaie. 

*  TIk  10  S  aitoawMC  for  wlialet  UM  hil  aat  Mcavcnd  aad  ftf  oH  Mkca  bat  Imi  1^ 


District  are  included,  the  figure  rises  to  78  %  of 
total  American  productioiL 

The  decline 

Aitsr  the  near  record  volume  of  imports 
in  1843  -  a  total  exceeded  only  in  1837  —  the 
American  sperm  whale  fishery  began  its  long 
decline.  In  1850,  sperm  oil  imports  fell  below 
lOOOOObarrebforthefinttiiiiein  18  yean.  By 
1860,  it  had  dropped  to  73  708  barrels,  and  in 
the  years  following  the  Civil  War  only  once  did 
it  exceed  50000  barrels.  The  causes  of  the 
dedine  were  largely  due  to  increasing  compe- 
tition from  other  means  of  illumination,  no- 
tably gas  but  also  vegetable  oils,  animal  fats 
and  ultimately  petroleum.  The  whaling 
interests  also  contributed  to  the  decline,  shift- 
ing their  efforts  to  the  right  whale  and  bow- 
head  fisheries,  to  which  they  were  lured  by 
the  opening  of  the  North  Pacific  and  western 
Arctic  grounds  and  by  the  two  nuulcetable 
commodities  -  baleen  and  oil  -  that  these 
whales  afTorded.  Whatever  the  importance 
given  to  these  or  other  causes,  the  decline  in 
Sperm  oil  production  after  1843  seems  not  to 
have  been  much  affected  by  belieft  among 


Barreb  w^ge/ 
Dins 


Average 
monn 


1.  by  28  Nfw  F?tiir.>ul  ■.perm  whalers 

from  Pacific  or  Indian  Oceans  49  s 7 J  41.3 
2  hv   17  Naonidtci  Padfie  sperm 

whalers  29  350  43.3 

3.  by  7  New  Bedford  Atlmiic  sperm 

wbaleis  1470  17.0 

4.  t»y  7  Fairhaven  Padfic/lndlan  Ocean 

sperm  whalers  10046  42.7 

5.  bv    3    Edpartown    Pacific  sperm 

vUiak-rs  6400  410 
6  h\  17  PniMncL'tdwn  Atlantic  .sperm 

whalers  4  370           9  1 

7.  by  3  Falmouth  PaciTic  sperm  whalers  5  400  44.4 

106909 

8.  Praduced  by  sperm  whalen  Ihun 
other  pom  or  by  right  or  mixed 
whalers  60  076 

Total  US  sperm  oil  imported  in  1843      166  985 


Nantucket's  withdrawal  from  it  In  the  latter 
year,  73  656  barrels  of  sperm  oil  were  import- 
ed, of  which  New  Bcdtbrd  vessels  accounted 
for  about  60  %.  If  returns  fipom  the  smaller 
ports  that  made  up  the  New  Bedford  Customs 
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whaling  merchanls  tiiat  Uttt  species  had  be- 
come too  scarce  to  warrant  continued  hunting. 
Their  decisions  to  curtail  or  to  withdraw  from 
sperm  whaUng  were  determined  by  factors 
that  had  less  to  do  with  attitudes  about  whale 
populations  than  with  considerations  of  the 
market-place,  not  least  among  these  being  the 
promise  of  investment  opportumlies  else- 
where. Further  research  in  the  bnsuiess  rec(»ds 
of  the  fishery  may  confirm  or  correct  this 
interpretation,  in  any  case  it  would  appear  that 
sperm  whale  stocks  throughout  the  world 
began  tfatir  recovery  from  American  exploila- 
tionaa  early  as  1844. 


I^Nni  whaling  records 


Kenneth  Martin  (1976)  has  described 

the  kinds  of  data  on  sperm  whaling  that  sur- 
vive, pointing  out  some  of  the  opportunities  and 
limitations  they  offer  for  those  who  must  as- 
semble estimates  about  the  survival  capabili- 
ties of  these  whales  today.  My  own  impression 
is  that  while  these  records  can  tell  us  certain 
thin^,  their  usefulness  should  not  be  overrat- 
ed. They  are  largely  silent,  for  escample,  on 
matters  of  natural  histor\  and  rarelv  make  dis- 
tinctions  on  even  such  simple  questions  as  the 
sex  of  captured  whales.  Whether  they  can 
usefully  contribute  to  the  determinaticm  of  the 
"initial  (unexploitcd)  population  si/es",  used 
to  calculate  how  many  may  now  be  taken,  is  a 
matter  best  explored  by  those  more  famihar 
with  determinations  of  this  sort.  Compilations 
finom  logbooks  of  the  locations  where  whales 


were  taken  in  the  past  might  wdl  assist  in 

identifying  the  geographical  stocks  of  sperm 
whales,  particularly  the  nine  "divisions"  pro- 
posed for  the  Southern  Hemisphere  in  1972  by 
the  Scientific  Committee  of  the  International 
Whaling  Commission. 


Mawy's  Whale  Chart 

The  most  carefully  plotted  record  of  the 
American  experience  of  taking  sperm  whales 
is  perhaps  the  least  consuhed  of  all.  Town- 
send's  (1935)  work  is  useful  and  well-known, 
but  does  not  match  m  precise  information  the 
whale  charts  produced  under  the  direction  of 
Lieutenant  Matthew  Fontaine  Maun,  (1852) 
at  the  NavT's  Depot  of  Charts  and  Instru- 
ments. The  charts  referred  to  do  not  include 
the  "Prelhnmaiy  Whale  CharT  of  1851,  an 
early  and  simplified  version  of  those  that  fol- 
low cd  in  1852.  The  latter,  whic  h  are  important, 
consist  of  4  sheets,  each  covering  a  quarter  of 
the  globe  with  the  oceans  divided  into  squares 
of  5  degrees  each.  Each  square  was  itself  di- 
vided by  12  vertical  lines  representing  the 
months  of  the  year.  Within  each  square  and 
running  horizontally  across  the  column  of 
months  were  three  separate  graphs:  one  to 
show  the  number  of  days  .spent  by  whaleships 
cruising  within  the  square,  one  to  show  the 
number  of  days  on  which  sperm  whales  were 
seen,  and  one  to  show  the  same  for  right 
whales.  One  such  square  -  O'-S^N,  80°-85"W 
—  yields,  for  example,  the  following  data 
(Tables). 

A  complicated  piece  of  cartography. 


TiMc  3.  MmMf  wt^Mngt  of  ipcm  whales  It  •  S*  a^aare  <r^,  8iras*W) 


Dec 

Jan       Feb       Mar       Apr  May 

Jun 

.lul  Aug 

Sep 

Ocl  Nov 

Days  or  seaidi 

125 

11         2         7         72  90 

155 

148  183 

138 

112  94 

No.  of  spetm 

wltaksMeii  18 

0        0         1         21  13 

20 

30  41 

37 

38  9 
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these  charts  otTered  quantitative  data  based  on 
abstracts  from  about  1  000  logbooks,  prepared 
for  Maun,  by  a  retired  New  Bedford  whaling 
master  (responsible  for  Massachusetts  ports) 
and  a  New  York  agent  (who  covered  those  of 
Connecticut).  The  data  it  depicted  were  deriv- 
ed for  the  most  part  from  logbooks  kept  during 
the  decade  of  greatest  sperm  whahng  activity, 
1835-1845,  and  the  sampling  was  probably 
large  enough  to  give  a  reasonably  accurate 
picture  of  where,  when  and  for  how  long, 
whalemen  cruised  in  specific  sectors  of  the 
oceans  and  of  the  number  of  whales  they  en- 
countered while  there.  More  than  any  other 
single  source,  these  charts  contain  the  accu- 
mulated experienced  of  American  whalemen 


in  pursuit  of  sperm  and  right  whales  in  the 
decades  of  the  1830's  and  1840's.  If  examined 
with  care,  I  believe  they  would  yield  much  of 
the  mformalion  about  sperm  whale  stocks  and 
densities  that  might  otherwise  be  obtained,  or 
so  it  has  been  suggested,  by  abstracting  log- 
books today. 

For  the  historian  interested  in  the  whal- 
ing mdustry  for  its  own  sake  or  as  one  aspect  of 
the  American  past,  the  records  that  survive, 
whether  as  logbooks  or  merchants  accounts, 
are  invaluable.  For  those  charged  with  re- 
sponsibility for  recommending  a  policy  towards 
the  taking  of  these  wliates  today,  these  records 
from  an  earlier  time  may  have  a  more  res- 
tricted use. 
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SPERM  WHALE  SIZE  DETERMINATION: 
OUTLINES  OF  AN  ACOLSIIC  APPROACH 


B.  M0HL,  E.  Larsen  and  M.  Amundin 


By  measuring  the  dofation  of  interpube  intervak  of  the  sound  clicks  of  sperm  whales 

and  relatint!  them,  followuig  the  theon  of  Norris  and  Har\  c\  (1972).  to  the  length  of  the 
spermaceti  organ,  and  then  relating  thu  Icngih  lo  total  body  length,  it  may  be  pojtMble  to 
estimate  the  size  of  a  spenn  whale  once  the  pulse  interval  of  its  clicks  is  known.  This  method 
and  visual  mcaMircmcnt  have  given  ihe  same  results  in  the  case  cf  a  ^  ni  whale  and  a  2I-m 
whale  -  lengths  at  the  lower  and  the  very  highest  ends  of  the  range  of  sperm  whale  lengths, 
indicating  that  the  acoustic  method  may  be  used  throughout  the  entire  range  of  sizes.  These  2 
estimates  also  follow  an  independently  derived,  empirical  mathem.  ik  il  relation  between 
total  length  and  interpulse  interval,  though  no  inference  should  neces&anly  be  drawn  from  this 
match.  The  development  of  a  relation  between  interpulse  interval  and  age  must  await  clari- 
Hcaiion  of  the  upper  end  of  the  curve  relating  length  to  age.  It  appears  thai  this  method  is 
technicalK  'V  tsihlc  and  that  a  station  recording  sperm  whale  clicks  wmild  have  a  range  of  2 
km  (12  km  )  m  more;  use  of  the  method  would  allow  the  size  and  perhaps  the  age  of  sperm 
whales  lo  be  determined  without  killing  them  or  even  w  ilhout  visual  contact.  I  urlher  research 
is  needed  on  the  acoustic  behaviour  of  sperm  whales  and  on  their  mechanism  of  sound 
generation. 


En  mesurant  la  durte  entre  les  impulsions  des  diquitements  des  cachatots  et  en  Ha- 

blissanl  unc  relation,  selvm  la  theoric  de  Norris  ct  Harve\  (1972).  avec  la  longueur  dc  l"ort!ane 
des  anunaux,  puis  en  etablissant  un  rapport  entre  cette  longueur  et  la  longueur  tolale  du  corps, 
il  pourrait  6tre  possible  d'esitmer  la  taille  d'Un  cachalot  quand  on  connatt  Tintervalle  entre  les 
emissions  de  ces  cliquetements.  Cette  niethode  et  les  mesures  visuellcs  ont  donni  les  mcmes 
r^ultais  dans  le  cas  d  un  animal  de  9  m  et  d  un  animal  de  21  m,  longueurs  qui  se  situent  au 
minimum  et  au  maximum  de  la  gamme  de  tatlles  des  cachalots,  cc  qui  indiq  ue  q  ue  la  m^thode 
acoustiquc  pourrait  ^trc  utilis^e  sur  loute  la  gamme  de  lailles.  Ces  deux  estimations  suivenl 
aussi  une  relation  mathematiq  ue  empirique  obtenue  de  fa^on  sipaiic,  entre  la  longueur  loiale 
et  I'intervalle  siparant  les  impulsions,  encore  qu*on  ne  doive  pas  n^cessairement  tirer  des 
conclusions  dc  cette  conc*ofdailoe.  I.'^laboration  d'une  relation  entre  i  iiuci\alle  des  impul- 
sions et  I'age  doit  attendre  une  clarification  dc  la  partie  supirieurc  de  la  courbc  liant  la 
longueur  et  I'Sge  II  apparait  que  cette  methode  est  techniquement  realisable  el  qu'une station 
enregistram  \c.>  cliquOiements  des  cachalots  aurail  une  port^e  de  2  km  (12  km')  ou  plus; 
I'utilisation  de  la  methode  permcttrait  de  determiner  la  taille  ct  pcut-ctre  I'age  des  cachalots 
sans  les  tuer  et  meme  sans  tx)ntact  visuel.  Des  recherches  plus  poussees  sont  n^ces&aires  pour 
ce  <|iii  est  dii  oomportemcnt  aooustiqne  des  cachalots  et  du  mtcanisme  de  production  du  son.  327 
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cxirano 

Midiendo  la  duracion  dc  los  intcrvalus  cnlrc  impulses  en  los  sonidos  emitidos  pur  lo^ 
CBchalotes  y  poniindolos  en  relaci6n.  segfin  la  teoria  de  Norris  y  Harvey  (1972),  con  la 
iongitud  del  6rgano  que  scgrega  el  espernia  y  poniendo  luego  en  reIaci(Sn  csa  li)ngitud  con  la 
longilud  total  del  cuerpo,  puede  ser  posible  estimar  la  talla  de  un  cachalote  cuando  se  conoce 
d  ittiervalo  entre  fanpabos  <te  kts  sonidos  que  emite.  Con  este  mitodo  y  con  medictones 
visuales  >e  han  obtenido  resultados  id^nticos  en  el  caso  de  un  cachalote  de  9  m  y  otro  de  2 1  m, 
longitudes  que  se  encuentran  en  el  extreme  inferior  y  superior  de  la  gama  de  longitudes  de  los 
cachalotes.  lo  que  indica  que  el  m^todo  acustico  puede  utilizarse  para  animales  dc  todas  las 
tallas.  En  esias  dos  estimacioncs  aplica  tambi^n  una  rclacion  matemaiica  empirica,  deri- 
vada  independientemente,  entre  la  Iongitud  total  y  cl  inicrvalo  cntrc  impulses,  aunque  de  esa 
corrcspondencia  no  ha  de  inferirse  necesariamente  ninguna  conclusion.  Para  obtener  una 
relaci6n  entre  el  intervalo  entre  impulses  y  la  edad  es  necesarioaclarar  el  extreme  superior  de 
la  cur\'a  que  pone  en  relacion  la  (alia  con  la  cdad.  Parece  que  csic  mcuulo  c^^  !ot  nit  inii-ntc 
viable  y  que  una  csiaciun  rcceptora  dc  los  sonidos  cmitidos  por  los  cachaluies  tcndi  la  un  i  adio 
de  aoci6n  de  2  km  (12  km^  o  mis;  con  este  mitodo  se  podria  determinar  la  talla  y  quizds  la 
edad  de  los  cachalotes  sin  neccsidad  dc  matarlos  c  incluso  sin  contacto  visual.  Sdn  necesarias 
mis  invcsligacioncs  sobrc  cl  comporlamienio  acustico  dc  ios  cachalotes  y  sobrc  cl  mecanismo 
de  emisidn  de  sonidos. 
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A  technique  that  is  commonly  employed 
when  estimating  the  etTcct  of  exploitation  on  a 
given  species  ol  mannc  mammal  is  the  deter- 
mmauon  of  the  age  distribution  within  the 
species.  In  most  cases,  this  Kquires  that  a  rep- 
resentative sample  of  animals  be  killed  to 
provide  teeth,  baleen,  ovaries  and  measure- 
ment of  total  length,  or  whatever  parameter  or 
organ  that  can  be  processed  to  indicate  the  age 
of  the  late  owner.  Clearly,  killing  a  substantial 
number  of  specimens  for  ageing  purposes  is 
contra-indicated  in  most  cases,  includmg  that 
of  the  sperm  whale.  This  paper  describes  a 
passive  acoustic  method  that  holds  promise  for 
the  remote  si/e  estimation  of  sperm  whales. 

The  sperm  whale  owes  its  peculiar  shape 
to  the  disproportionate  development  of  the 
forehead,  which  ha.s  been  described  as  "the 
biggest  nose  on  record"  (Raven  and  Clregory, 
1933).  The  anatomical  structures  mside  the 
forehead  include  the  spermaceti  organ  and  a 
variety  of  airsacs,  respiratory  tubes,  valves  and 
specially  arranged  fatty  tissues.  Widely  diver- 
gent functions  have  been  attributed  to  this 
enigmatic  complex.  In  fact,  the  very  name  of 
the  species  reflects  the  idea  that  the  forehead  is 
a  formidable  sperm  cell  reservoir.  Recently, 
Morris  and  Haivcy  (1972)  have  proposed  an 
acoustic  function  for  the  complex :  they  suggest 
that  it  serves  to  generate  the  well-known  pow- 
erlui  sound  chcks  that  are  presumably  used 
for  long  range  sonar.  This  theoiy  has  many 
attractions:  it  attributes  homologue  functions 
to  homologue  anatomical  a.ssemblies  within 
the  suborder  of  odontocetes,  it  provides  an 
explanation  for  many  of  tiie  otherwise  per- 
plexing anatomical  features  and  it  links  the 
fine  structure  of  the  sound  pulse  to  the  di- 
mensions of  the  generating  mechanisms. 

Sperm  whale  sound  elides  consist  of 
trains  of  brief  transients  with  an  exponentially 
decaying  amplitude  (Fig.  2).  According  to 
Norris  and  Harvey  (1972),  this  pattern  is  gen- 
erated by  a  single  transient,  produced  in  the 
space  between  two  sound-reflecting  mirrors 
(i.e.,  air  sacs,  bounding  the  anterior  and 
posterior  ends  of  the  q>ennaceti  organ  as  il- 
lustrated in  Fig.  \).  Most  of  the  sound  energy 


Fie.  1.  -  Sketch  of  the  relative  position  of  the  anatomical 
siractUKB  with  a  pmpOMd  aeouatic  flinctioa  in  the  mnn 
whak  fincbead.  I.  IMstal  ainac  2.  Museav.  3.  Skull.  4.  Sper- 
maceti case.  5  Frontal  airsac.  The  muscau  is  located  posterior 
to  the  distal  airsac  and  is  a^nsidered  lo  be  the  must  likely 
organ  for  the  geoeration  of  dicks  (Norris  and  Harv^,  1972). 


leaves  the  system  directly,  but  a  fraction  of  the 

energ\  is  intercepted  by  one  of  the  mirrors. 
retLiiiicd  to  the  other  mirror,  and  ^^nit  hack 
again  before  it  leaves  the  system.  Part  of  this 
delayed  sound  pulse  is  again  intercepted.  The 
repeated  interception  of  a  single  original 
sound  creates  a  series  of  decaying  pulses. 

The  spacing  between  the  pulses  in  a  click 
will  then  be  solely  a  function  of  the  distance 
between  the  mirrors  (i.e..  the  Icniith  of  the 
spermaceti  organ)  and  the  speed  of  sound  m 
spermaceti  ou.  Assuming  the  latter  to  be  a 
constant  property  and  the  length  of  the  sper- 
maceti organ  to  he  related  to  total  body  length. 
It  follows  that  the  size  of  a  sperm  whale  may  be 


ft 


l.st.  1,9,1.  10  mmmc. 

VlCt.  2.  Oscillocram  ot  spcrni  whale  click.  T!ic  pulses  nf  the 
click  are  labelled  P 1  through  F6.  All  mtcrpulsc  intervals  arc  of 
equal  duratioD  and  thought  to  reflect  the  slie  of  the  whale.  329 
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estimated  once  the  puke  interval  of  its  clicks  is 
known. 

A  detailed  accounl  of  ihe  evidence  rele- 
vant to  this  theoiy  (Norris  and  Harvey,  1972; 

Mehl  and  Amundin,  1978)  is  not  given  here. 
However,  using  the  pulse  interval  method. 
Norm  and  Harvey  (1972)  were  able  to  predict 
with  accuracy  the  length  ofa  9  m  sperm  whale; 
an  independent  estimate  of  its  length  was  ob- 
tained using  an  optical  aunparison  method 
Recently  Mohl  and  Amundm  (1978)  obtained 
identical  photographic  and  acoustic  nze  esti- 
mates of  a  2 1  m  specimen.  The  lengths  of  these 
two  individuals  happen  to  fall  at  the  lower  and 
the  very  highest,  giving  reason  to  beheve  ihal 
that  body  lengths  throughout  the  entire  range 
may  he  established  using  this  method. 

The  acoustic  method  is  assumed  to 
measure  the  length  of  the  spermaceti  organ, 
which  is  roughly  equal  to  the  length  of  the 
head.  Nishiwaki.  Ohsumi  and  Maeda  (1963) 
have  established  the  relationship  between  the 
length  of  the  head  and  the  total  body  length  of 
sperm  whales.  Using  their  data,  and  the  dou- 
ble mirror  hypothesis  of  sperm  whale  sound 
production,  the  following  empirical  relation- 
ship has  been  derived  (using  a  least  squafes  fit 
to  a  2nd  order  polynomial): 

TL  =  0.76  + 4.64  XlPH- -0.259  XIPI  (1) 
where 

TL  =  total  length,  m,  and 
IPI    Interpurae  interval,  msec. 

As  Fig.  3  shows,  the  above  mentioned 
acoustically  based  estimates  follow  the  inde- 
pendently derived  prediction  of  equation  (1). 
However,  since  the  variance  of  the  data  is 
largclv  unknown  and  since  equation  (1)  is  used 
tor  predicting  values  considerably  above  the 
range  of  the  morphometric  data,  no  inference 
should  be  drawn  fromthecoinddence/wrjeof 
the  2  sets  of  data. 

Nishiwaki,  Ohsumi  and  Maeda  (1963) 
abo  given  the  relation  between  total  length 
and  number  of  dentinal  growth  layers  (rqpre- 


I.  K  I., 

FlO.  3.  -  Relation  between  toial  length  and  interpuisc 
interval,  aocordint;  to  TL  -  0.76       4.64  X  IPI 

-  0.259  X  IIM'  S>"l!  Iru- shows  the  range  for  which  the  ratio 
between  total  length  and  length  of  head  is  known.  The  two 
points  are  aoousitc/opiical  leogdi  estimates  of  two  wbales. 


senting  age).  The  curve  they  obtain  suggests 
negative  growth  when  a  length  of  16  m  has 
been  reached.  This  is  inconsistent  with  length 
records  published  hv  other  workers  (Scam- 
mon,  1874;  Matthews,  1938;  lomilin,  1957; 
Berzm,  1972,  p.  30-1).  Developmoit  ofa  r^- 
tionship  between  IPI  and  age  must  await  clar- 
ification of  the  nature  of  the  upper  end  of  the 
growth  curve. 

The  acoustic  power  of  sperm  whale 
clicks  is  fairly  high.  Lcvenson  (1974)  reported 
it  to  be  of  the  order  of  170  dB  re.  I  Pascal  in 
the  2  to  8  kHz  range.  He  obtained  recordings  at 
a  calculated  distance  of  3. 1  S3  km.  Assuming 
an  average  ambient  noise  corresponding  to  sea 
state  3  (Albers.  1965)  and  a  minimum  accept- 
able signal  to  noise  ratio  of  10  dB,  a  range  of  2 
km  (equal  to  a  coverage  of  12  kmO  can  be 
expected  from  a  single  recording  station.  This 
could  be  increased  by  an  order  of  magnitude 
under  favourable  conditions  as  also  by  pro- 
perly designed  recording  and.  analysing 
equipment. 
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SPERM  WHALE  SIZE  DETERMINATION 


This  paper  is  intended  to  desicribe  the 

principles  of  the  proposed  sperm  whale  sizing 
technique  and  its  expected  range  Its  potential 
for  monitoring  the  size  distribution  m  various 
sperm  whale  stodo,  both  exploited  and  unex- 
ploited,  without  requiring  either  visual  or 
physical  contact,  may  justify  further  research 
into  its  validity,  accuracy  and  feasibility.  Re- 
SMTch  is  needed  into  botfi  the  acoustic  behav- 
iour of  sperm  whales  (including  sex,  size  and 
herd  effects),  and  the  mechanism  of  sound 
generation.  Further,  a  number  of  i>ubtle  lech- 
nical/econoinical  facion  have  to  be  consider- 


ed. Significantly,  the  technical  aspects  of  the 

method  appears  to  be  well  within  the  state  of 
the  art  of  undenAatcr  acoustics  fLevenson, 
1974;  Watkins  and  Schcvill,  1975;  Watkins, 
1976). 
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THE  ADEQUACY  OF  THE  SCIENTIFIC  BASIS  FOR  THE 
MANAGEMENT  OF  SPERM  WHALES 


TJ>.  Smith 


Ahimct 

Since  I9S3,  the  Sdentiflc  Gommittee  of  the  Interaatjonal  Whaling  Commission  has  held 

seven;!  special  meetings  on  sperm  whales.  Although  some  progress  has  been  made  in  un- 
derstanding the  biology  of  the  species,  including  its  life  htstoty  and  division  into  populations, 
the  resotts  have  generally,  and  particulariy  in  relation  lo  (heaze  and  dynamics  of  populations, 
been  less  satisfactory  than  tho.se  for  baleen  whales,  OH  whkh  much  of  the  work  on  sperm 
whales  has  been  based.  Estimates  of  abundance  have  in  recent  years  been  derived  from 
sophisticated  analy.ses  of  catch-and-eiTort  data.  The  use  of  such  data  is  hampered  by  the 
difficulQr  of  adequately  mcasurhig  effort  and  especially  of  accounting  fitr  factors  which  cause 
the  search  for  animals  to  be  non-randoni.  Analogy  with  the  tuna-porpoise  fishery  in  ihc 
eastern  tropical  Pacific,  on  which  mucii  study  related  to  searching  and  catching  effort  has  been 
completed,  may  show  how  these  factors  can  best  be  taken  into  account.  Poor  knowledge  of  the 
si/cs  of  sperm  whale  pt)pulations  have  in  turn  made  il  difficult  to  cxirrclate  chani^es  in  vital 
rates  with  changes  in  population  size,  on  which  the  construction  of  density-dependent  popu- 
lalion  modeb  depends.  A  more  organized  oomparison  of  (he  population  dymmia  of  different 
mammals  would  prohaMv  make  it  easier  m  understand  the  dynamics  of  sperm  whale  popu- 
lations and  of  other  mammals  dilTiculi  to  study.  Research  is  needed  to  resolve  the  problems  of 
estimating  abundance  and  the  relation  of  changes  in  it  to  changes  in  vital  rates.  The  experi- 
mcnial  management  of  whaling  so  that  differcni  populations  are  exploited  at  different  rates 
and  the  effects  on  their  abundance  and  vital  rates  watched,  could  provide  some  of  the  needed 
infijnnatioiL 

Depuis  1963.  le  Comili  scientifique  dc  la  Commissioa  inleraaiioiiale  haieini^re  a  tenu 
plusieurs  sessions  sp^ciales  consacries  aux  cachalots.  Encore  que  des  progrfes  aicnt  lMc  r6ali.s6s 
dans  la  comprehension  de  la  biologic  de  I'espece,  y  compris  son  cycle  bioiogiquc  cl  la  division 
en  populations,  les  rteultats  oni  £te,  particulidrcmcnt  pour  la  taiUe  et  la  dynamique  dcs 
populations,  gindralement  moins  satisfaisants  que  dans  le  c  is  des  mvstic^tes  sur  lesquels  s'est 
tondcic  une  bonne  partic  dcs  iruvaux  rciaiit^  aux  cachaloLs.  i  cs  dcmicres  anndcs,  les  c^ilima- 
tions  de  Tabondance  ont  itt  tiites  d'analyses  tris  ^labordes  de  donnto  sur  I'effort  et  les 
captures.  L'utilisation  de  ces  donndes  est  entrav^e  par  la  difficultd  de  mesurer  I'effort  de  fa<;on 
adequate  et,  sp^salement,  d'expUquer  les  facteurs  qui  rendent  la  recherche  des  anunaux  non 
aliatoire.  L'aaalogie  avec  les  pMies  thon-^narMiiiki  dans  le  Pacifique  tropkal-est,  sur  lesqud- 
les  on  a  efTcctui  de  nombreuses  Eludes  relatives  a  reffort  dc  recherche  et  de  capture,  pent 
montrer  comment  ces  facteurs  peuvent  eirc  pns  en  consideration  le  plus  avantageusemeni.  La 
mfeliocre  oomiaiaiaiiee  de  la  laiiie  dcs  populations  de  cachaton  a  teadti,  de  son  oM,  difficile  333 
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de  corr^ler  les  changements  des  taiix  biologiqiies  et  !es  changemcnts  dc  taille  des  populations, 
dont  depend  la  construction  dc  moddes  de  population  dependant  de  la  den&itd.  Une  compa- 
raison  plus  organiste  de  la  dynamique  des  populations  de  diflilreiits  mammiftrcs  fadliteratt 
probablement  la  comprehension  dc  la  dynamique  des  populations  dc  cachalots  et  d'autres 
manunifires  doni  letude  est diflicile.  II  est  oecessaire  d'eflectuer  des  recherches  pour  resou- 
dre  le  problime  de  restimation  de  Tabondance  et  de  la  relation  entre  les  changements  qui 
Paffcctcnt  ct  les  changements  des  laux  biologiques.  L'exploitation  rationnelle  experimontale 
de  la  chasse  &  la  baleioe,  organisde  de  telle  sone  que  dill'iirentes  populations  soni  cxploitces  4 
des  taux  diffi&rents  et  que  les  effets  sur  leur  abondance  et  sur  leuis  taux  biologiques  sont 
observe  pourrait  foumtr  certaines  des  informations  nioessaires. 

Extracto 

Dcsde  1963,  el  Comiti  Cientitlco  de  la  Comision  Ballenera  Internacional  ha  celebrado 
varias  reuniones  especiales  sobrc  cl  cachalolc.  Aunquc  ios  conocinucnios  sobrc  la  biologia  dc 
esta  espede,  induido  su  ddo  vital  y  su  divisido  en  poblaciones.  han  avanzado  algo,  los 
resultados,  en  especial  por  lo  que  se  refiere  a  volumen  y  dindmica  de  las  poblaciones.  han  sido 
menos  satisfactohos  que  ios  conseguidos  sobre  los  mistacocetos,  en  los  que  se  han  basado 
buena  parte  de  los  trabajos  sobre  d  cachalote.  En  los  Altimos  alios  se  han  obtcnido  estitna- 
ciones  de  la  abundancia  a  partir  de  coniplicados  analisis  dc  los  datos  dc  captura  v  csfucrzo.  EI 
empico  de  esos  datos  se  ve  dificultado  por  d  problema  de  medir  adecuadamente  el  esfuerzo  y. 
en  especial,  de  tener  en  cuenta  los  factores  que  hacen  que  la  bQsqueda  de  los  animates  no 
proceda  al  a/ar.  La  analogia  con  la  pesquen'a  de  atun  y  delfin  del  Pacifico  oriental  tropical,  en 
la  que  se  han  realizado  muchos  estudios  sobre  bCisqueda  y  esfuerzo  de  captura,  podria  indicar 
cuiH  es  ta  mc^manera  de  tener  en  cuenta  esos  factores.  La  falta  de  oonodmientos  adecuados 
sobre  el  volumen  dc  las  poblaciones  dc  cachalote  ha  hecho  dificil.  a  su  vez,  establecer  una 
relad6n  entre  las  variaciones  de  los  indices  vitales  y  los  cambios  en  el  volumen  de  la 
poblad6n,  relad6n  de  la  que  depcnde  la  oonstruccidn  de  modelos  de  poblaci6n  depcndientes 
de  la  densidad.  Probablemente  una  comparacion  m<is  orgdnica  de  la  dinamica  de  poUaclAn 
de  distintos  mamlferos  permitiria  entender  mas  facilmente  la  dinamica  de  las  poblaciones  de 
cachalote  v  de  otros  mamlferos  dificiles  de  estudiar.  Es  necesario  realizar  investigaciones  para 
resolvcr  Ios  problcmas  de  la  estimacion  dc  la  abundancia  y  dc  la  reladdn  entre  las  variadones 
de  la  abundancia  y  los  cambios  en  los  indices  vitales.  Regulando  experimcni;i!nn  nic  1 1  ca/a 
dc  mancra  que  disiuUas  poblaciones  se  exploien  a  ritmos  diversos  y  controlaadu  ius  ciccios 
que  cso  tiene  en  la  abundancia  y  en  los  indices  vitales,  podrian  obtenerse  algunas  de  las 
inforraackmes  necesarias. 
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Introdnctioii 


This  paper  is  a  report  on  the  special 
meeting  on  sperm  whales  of  the  Scientific 
Committee  of  the  International  Whaling 
Commission  (IWC),  La  Joila,  California, 
lS-25  Maich  1976.  Special  meetings  to  consid- 
er the  problems  of  managing  the  harvest  of 
various  whale  groups  have  been  held  in  re- 
sponse to  the  increasing  importance  of  the  role 
of  the  Scientific  Committee  in  the  IWC,  and 
have  allowed  world  experts  to  provide  their 
best  possible  management  advice  to  the 
Scientific  Committee,  and  to  the  IWC. 

The  role  of  the  Sdratilic  Committee 
began  to  increase  in  importance  after  the 
Committee  of  Three  (later  Four)  studied  the 
Antarctic  baleen  whales  from  1961  to  1964, 
and  continued  to  grow  as  the  Commission 
moved  toward  management  by  species  and  by 
individual  populations.  Special  mid-year 
meetings  have  occurred  frequently  and  irre- 
gularly since  that  time. 

In  view  of  these  developments  and  of  the 
serious  questions  raised  about  the  adequacy  of 
the  Commission's  actions  in  conserving  the 
world  whale  populations  (McVay,  1974),  it  is 
important  to  evaluate  the  deliberations  of  the 
Scientific  Committee  and  to  determine  the 
adequacy  of  its  recommendations  to  the 
Commission.  In  dus  paper,  I  have  indicated 
my  views  on  these  matters,  after  attending  and 
participating  in  the  1976  sperm  whale  meeting. 

Mslmyof  meetfaigs  on  ^crm  whales 


Since  1963  a  series  of  meetings  on  sperm 
whales  of  part  or  all  of  the  Scientific  Commit- 
tee has  been  held  every  2  or  3  years.  In  addi- 
ticm,  a  subgroup  of  flie  Sdentific  Committee, 
called  the  North  Pacific  Woricing  Group,  has 
from  time  to  time  considered  North  Pacitk 
sperm  whales. 

The  fiDimiilatiaai  and  study  of  several 
key  lines  of  leseaich  can  be  traced  in  die 


reports  of  previous  meetings,  of  which  the 
most  apparent  are: 

(i)  delennination  of  the  popubtion  struc- 
ture of  this  spedes; 

(u)  determination  of  size  of  the  various 
populations; 

(iii)  determination  of  the  basic  lite  history  of 
sperm  whales,  including  quantification 
of  the  vital  or  demographic  rates; 

(iv)  determination  of  an  accurate  ageing 
technique  for  use  with  (iii); 

(v)  determination  of  an  adequate  popula* 
tion  dynamics  model  of  sperm  whales, 
along  the  line^  of  that  developed  for  ba- 
leen whales  by  the  Special  Committee  of 
Three  (later  Four)  earlier  (IWC 
13:32-106,  IWC  14:47-60); 

(vi)  analysis  of  the  currmt  understanding  of 

sperm  whale  population  dynamics,  to 
estimate  the  impact  of  dilTerent  harvest- 
ing rates. 

Each  of  these  lines  or  areas  of  research 
involves  many  factors,  and  they  arc  themselves 
inter-relaled.  The  relationships  can  be  seen  in 
the  diagram  prepared  by  Omura  and  Ofasumi 
(1974),  reproduced  in  modified  form  as  Fig.  1 
The  above  item  numbers  are  inserted  in  the 
appropriate  boxes. 

In  studying  the  development  of  these 
lines  of  research,  it  is  apparent  that  the  focus  of 
the  several  meetings  on  sperm  whales  has 
changed  as  information  and  techniques  have 
developed. 

The  current  meeting  concentrated  pri- 
marily on  estimating  population  sizes  (item  2), 
explofing  population  dynamics  UKxlels  (item 
5),  and  analysis  of  management  alternatives 
(item  6)  This  latter  has  been  a  strong  focus  for 
all  of  the  meetmgs  as  the  SdentiHc  Committee 
has  attempted  to  provide  scientific  guidance 
on  management  to  die  Commission.  335 
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it  is  interesting,  incidentally,  to  note  that 
the  Scientific  Conunittee  is  not  an  espedally 
rigidly  defined  group,  and  the  composition  of 
its  sub-groups  is  even  less  so.  Pa rtici pants  are 
usually  aUgned  according  to  their  nationaUty, 
witii  the  a£lition  of  the  adviser  from  the  Food 


and  Agncuiture  Organization  of  the  United 
Nations.  Active  participation  is  open  to  any 

individuals  delegated  by  participating  nation- 
al governments  and  to  other  invited  scien- 
tists. In  Table  1  those  mUividuals  who  have 
attradttl  3  or  mouc  meetings  are  listed.  While 


T«Mc  I.  MajH  MMl  conifatat  coananw  to  tke  nmtlmi  an  wp&m  wktim  tS  ifce  Scietilic  Ca—dttee » 


Meeting 

^■^P""*  1966  1968  1970  1972  1976 

(Hooohiln)  (Rome)  (Honolulu)         (Pailcsville)  (La  Jolla) 


Bannister  (Australia)  X  —  X  X  X 

Allen  (Canada)  —  —  XXX 

Ohsumi  (Japan)  X  X  X  X  X 

Gambcll  (UK)*  X  X  X  X  X 

Chapman  (USA)  X  X  X  X  X 

Ivaiiiin  (USSR)  X  -  X  X  X 

Best  (S.  Africa)  -  X  X  X  X 

Bocnma  (FAO)  -  X  X  -  X 


'  From  Ike  RcporU  of  ihc  tRUrnaiionAl  Whaling  Coramiuioa. 
*  Now  Pcnunai  Seacttiy  id  the  IWC. 
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some  23  other  individuals  have  attended  one 
or  more  meetings,  these  8  individuals  have  had 
the  most  active  and  continuous  participation. 
In  several  cases  these  individuals  represent 
other  scientists  as  well,  especially  in  the  case  of 
Japan,  United  Kingdom  and  USSR. 


ProUems  of  abundance  estimation 


In  this  series  of  meetings  all  of  the  Uncs 
of  inquir\'  listed  above  have  been  discussed 
extensively,  and  much  has  been  accomplished. 
It  is  agreed  by  most  that  adequate  techniques 
of  age  determination  have  been  developed, 
and  that  the  basic  life  history  Is  understood. 
This  latter  includes  the  reproductive  cycle 
timing  and  rates,  the  mortality  rates  (at  teast 
for  mature  animals),  and  spatial  and  temporal 
distributions.  It  is  understood  that  the  sexual 
dimorphism  is  also  reflected  in  polygamous 
harem  master  breeding  behaviour  and  in  sex- 
and  age-based  migration  pntterns 

There  is  reasonably  good  agreement  on 
the  population  structure  of  this  species,  on  a 
world  basis.  This  is  based  on  tagging  and  se- 
rological work.  While  this  work  is  still  being 
refmed  and  the  conclusions  may  change  mark- 
edly, enough  is  known  to  allow  at  least  a 
tentative  analysis  of  impact  to  proceed  at  the 
population  level. 

There  is  much  less  agreement  on  popu- 
lation sizes,  both  initial  and  current.  Wliile  a 
variety  of  techniques  have  been  tried,  there  is 
considerable  inconsistency  in  the  resulting 
estimates.  Sigliiings  data  from  Dutch  mer- 
chant ships  were  analysed  and  discarded  as 
unsuitable.  Mark-recovery  analyses  have 
yielded  highly  vanable  results,  mamiy  because 
of  tiie  low  number  of  recoveries.  Recently 
analyses  based  on  catch  and  effort  data  have 
received  the  greatest  emphasis.  In  the  1968 
meeting  in  Rome,  data  collection  lorms  for 
sperm  whales  were  standardized,  based  prin« 
cipally  on  those  originally  developed  for  ba- 
leen wliaies  by  the  Committee  of  Four. 


These  catch  and  effort  data  have  been 
subjected  to  relatively  standard  techniques  for 
estimating  abundance,  such  as  the  DeLury 
method,  as  used  for  the  Antarctic  baleen 
whales.  Tliey  have  also  been  analysed  with 
more  sophisticated  methods  developed  for 
North  Paciilc  baleen  whales,  primarily  by 
Allen  (1966, 1969).  These  latter  methods  were 
those  most  used  at  the  present  meeting,  but  in 
a  considerably  refined  form.  It  does  not  appear 
that  these  analyses  of  the  catch  and  eflort  data 
for  the  sperm  viiiale  fisheries  are  particularly 
.satisfactory.  Considerable  differences  exist  in 
the  estimates  from  dilTerent  methods  and  not 
infrequently  a  particular  method  fails  to  give 
reasonable  estimates  at  all. 

Some  of  this  variahiliiv  may  he  seen  in 
the  estimates  given  in  Tabic  1  of  the  draft 
report  of  the  La  Jolla  meeting.  For  most  divi- 
sions the  estimates  obtained  from  different 
methods  are  seen  to  be  rather  variable.  In 
Table  13  of  that  report  the  corresponding 
catch  per  unit  effort  (c.p.u.e.)  based  estimates 
for  the  North  Pacific  populations  are  given. 
There  is  considerable  difference  in  the  esti- 
mates, where  the  method  works,  depending  on 
the  fleet  from  which  the  data  being  used  was 
obtained. 

One  new  approach  was  developed  dur- 
ing the  meeting.  This  involves  comparing  the 
average  length  of  the  catch  before  exploitation 
to  the  current  average  length.  The  amount  of 
decline  in  average  length  can  be  used  to  pro- 
vide an  estimate  of  initial  numbers.  This  meth- 
od, as  it  is  worked  out  more  completely,  will 
be  u.seful  in  providing  another  type  of  estimate 
of  abundance,  and  is  especially  valuable  in  not 
being  based  on  the  measurement  of  effort. 


DefinitkNi  of  effort 


It  appears  that  theprimaiy  problem  with 
the  estimation  of  abundance  nom  catch  and 

effort  data  is  the  adequacy  of  the  definition  of 
effort  The  concept  of  fishing  effort  has  a  long  337 
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history  in  fisheries  work,  and  has  generally 
been  found  useAil  if  sufRcient  care  is  taken  in 

defining  and  measuring  the  searching  process. 
Thus  Russell  (1942)  in  his  book  The 
Overfishing  Problem  established  his  conten- 
tion 1^  nsuig  relatively  crude  measures  of  ef- 
fort such  as  numbers  of  days'  absence  of  fish- 
ing vessels  from  port.  Bui  as  the  questions  to  be 
answered  have  become  more  involved,  it  has 
been  neoessaiy  to  refine  the  measurements  of 
effort.  TTius  Russell  used  numbers  of  hours 
spent  fishinc  as  a  more  refined  measure  of 
fishing  intensiiy  in  some  of  these  analyses. 

The  Committee  of  Four,  in  considering 
the  Antarctic  baleen  whale  populations,  dealt 
with  the  definition  of  effort  and  noted  several 
problems  (IWC,  1962,  pp.  45-48).  The  basic 
assumption  needed  in  the  use  of  **efrort"  is 
that  the  process  of  searching  for  animals  is 
random,  and  that  as  such  the  numbers  of  ani- 
mals caught  varies  directly  with  the  numbers 
of  animals  present  in  the  populatioiL  There  are 
3  aspects  of  this  which  are  important  to  con- 
sider. 

Searching  time 

First,  the  actual  time  spent  searching 
and  the  effectiveness  of  this  time  are  affected 

by  many  factors,  such  as  weather,  repairs, 
non<searching  work  such  as  survey,  handUng 
of  die  Icflled  whales,  size  and  speed  of  the  catxh 
or  boats,  capacity  of  the  factory  ships,  skill  of 
the  gunner,  and  so  forth  (IWC,  1962).  In  their 
reports  the  Committee  of  Three  approached 
the  problem  of  determining  the  effects  of  these 
factors  on  catching  of  baleen  whales  in  a 
quantitative  fashion,  but  concluded  this  "... 
would  involve  a  tremendous  amount  of  work". 
Instead,  they  settled  for  the  usual  number  of 
boat  days  They  did  attempt  to  correct  for 
changes  in  efficiency  over  the  years  by  adjust- 
ing for  changes  in  horsepower  or  tonnage  of 
die  catcher  boats.  Much  additional  work  could 
be  done  on  this  aspect  of  the  definition  of 
efTori,  although  ihc  adequate  coUeclion  of  the 
data  would  be  costly. 


There  is  the  possibility  of  studying  a 
somewhat  shnilar  system  on  which  much  data 

has  been  collected.  The  tuna  purse  seine 
fishery  operating  out  of  CaUfornia,  fishing 
olT  Mexico  and  Central  America,  has  been 
extensively  studied  because  ddlphin  schools 
{Stenella  attenuata  and  5".  longirostris)  have 
been  used  as  indicators  of  tuna  schmis  (Perrin, 
Smith  and  Sakagawa,  1976).  I  here  has  been 
extensive  data  collected  on  the  process  of 
searching  for  schools  of  dolphins,  on  handUng 
times  and  on  the  abundances  of  dolphins  and 
luna.  I  his  data  collection  scheme  was  design- 
ed to  assist  in  the  detemdnation  of  a  useful 
effort  measure  to  allow  estimation  of  porpoise 
abundance  In  many  ways  the  problem  is  sim- 
ilar to  sperm  whale  thshing  and  its  detailed 
study  might  lend  much  insight  to  this  problem. 

Nature  of  search 

Second,  the  actual  findinc  of  a  whale 
may  not  involve  a  completely  random  search. 
Allen  (1966)  justifies  the  use  of  effort  to 
measure  abundance,  primarily  of  baleen 
whales  in  his  statement: 

'*Whaiing,  although  concerned  with 
mammals,  more  dosely  resembles  fishing  in  its 
essential  features  than  it  does  most  forms  of 
terrestrial  huntinjj.  The  animals  souiiht  inhabit 
an  environment  which  has  few  permanent 
small-scale  local  features,  which  pmnits  them 
to  move  freely  in  all  direction.s,  and  which 
gravely  limits  the  amount  of  direct  observation 
which  is  possible.  This  has  the  effect  of  reduc- 
ing the  catching  process  to  one  which  has 
manv  of  the  features  of  random  sampling ...  (p. 
1554)" 

Alien  s  randomness  is  over  geographical 
area.  The  claim  here  is  that  as  one  searches 

over  the  huntinL'  grounds,  one  is  equally  likely 
to  cncouiUer  a  whale  \n  any  place.  There  are  2 
levels  to  this  problem  ol  aggregation  and  ran- 
domness. One  is  that  at  least  finnale  sperm 
whales  tend  to  occur  in  small  groups  called 
pods.  The  effect  of  schix-jling  on  catch  per  unit 
effort  as  a  measure  of  abundance  was  investi- 
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gated  by  Paleheimo  and  Dickie  (1964).  They 
conclude  that  total  etTort  is  unsatisfactoiy  in 
this  cas€. 

The  second  level  is  the  possibility  of 

sperm  whales,  either  singly  or  in  schools, 
tending  to  aggregate  in  localized  areas.  This 
has  been  shown  for  Tursiops  truncaius  (Evans, 
1954).  It  appeals  possible  that  these  animals 
could  aggregate  on  local  food  abundances,  or 
on  more  permanent  areas  ofhigh  productivity, 
increasing  mtbrmation  about  cetacean  beha- 
viour and  sensoiy  systems  suggest  tiiat  this 
would  certainly  be  possible  and  evolutionaiy 
theory  suggests  it  would  be  likely. 

Schweder  (1974)  deals  with  this  second 
aspect  of  areas  of  concentrations,  as  well  as  the 
problem  of  schools  discussed  by  Paleheimo 
and  Dickie  (1964).  Schweder  notes,  as  the 
previous  authors  did,  that  the  relation  between 
abundance  and  catch  per  unit  of  effort  is 
non-linear  for  schooling  animals,  and  even 
more  so  when  clusters  form. 

The  fishery  for  tuna  using  dolphins  de- 
soibed  above  may  also  provide  an  opportunity 
for  studying  the  existence  of  and  possible 
cause  of  local  aggregations,  and  the  impact  of 
these  on  the  fishmg  process  (Perrm,  Smith  and 
Sakagawa,  1976;  Smith,  1975).  Extensive  infor- 
mation is  available  on  the  local  distribution 
of  dolphins  and  tuna,  and  on  oceanograph- 
ic  conditions. 

An  additional  aspect  of  the  randomness 
of  the  search  process  is  the  development 
of  technology  to  assist  in  locating  whales. 
Asdic  or  sonar  has  come  inio  wide  use, 
aircraft-spotting  planes  have  been  used  fiom 
land  stations,  and  dedicated  fast-sighting  ves- 
sels to  locale  concentrations  have  been  used. 
Also,  the  structure  ol  the  lleet,  with  catcher 
boats  working  for  the  same  factoiy  ships,  al> 
lows  communication  between  searoieis,  thus 
increasing  hunting  eHlciency. 

Species  preference 

The  third  and  last  aspect  of  the  utility  of 
effort  in  estimating  abundance  is  that  the 


sperm  whale  has  generally  been  only  one  of 
several  species  of  Targe  whales  caught  by  the 
wlialmg  lleet,  and  not  a  preferred  one  at  that. 
This  has  been  recognized  in  the  analysis  of  the 
Antarctic  data  in  that  only  the  data  from  out- 
side the  baleen  whale  season  has  been  used.  In 
the  North  Pacific  data  analysis  of  the  data 
from  the  whale  season  is  us^,  as  the  species 
preference  is  not  thought  to  he  as  marked. 
Schweder  (1974)  discusses  this  problem  and 
notes  "one  cannot  expect  to  have  good 
(abimdanoe)  estimators  for  species  that  are 
partially  ignored".  Again,  the  tuna  fishing 
provides  an  interesting  and  potentially  inform- 
ative parallel  where  considerable  inlbrniation 
has  been  obtained.  Of  the  2  species  of  dolphin 
principally  involved,  1  is  thought  by  the  fish- 
ermen to  be  more  likelv  associated  with  tuna 
that  the  other.  Thus,  when  a  dolphin  school  is 
sifted,  if  it  is  the  less  favoured  type,  it  may  be 
passed  by.  This  is  complicated  to  some  degreee 
because  the  2  species  frequently  occur  to- 
gether. Extensive  detailed  operational  in- 
rormation  has  been  collected  on  this  hunting 
process,  and  might  provide  useful  information 
relative  to  the  sperm  whale  harvesting. 

It  IS  clear  that  the  hunting  process 
involved  is  not  simple,  and  also  diat  the  meas- 
urement of  a  simple  aspect  of  it  such  as  catch- 
er days  work  is  unlikely  to  provide  a  consist- 
ent and  accurate  index  of  abundance.  In 
order  to  apply  this  approach  to  estimating 
abundance  serious  work  will  be  necessary, 
both  in  collecting  data  and  in  developmg  suit- 
able estimation  techniques.  Schweder's  (1974) 
work  is  the  first  comprehensive  approadi  to 
the  process  of  searching  and  hunting,  and 
would  be  worth  following  up.  His  results  are 
quite  theoretical,  however,  and  the  application 
of  this  woik  would  itself  involve  oonndcrable 
study. 

With  those  problems  with  a  good  meas- 
ure of  abundance,  the  evaluation  of  the  accu- 
racy of  estimates  of  initial  and  current  popu- 
lation Slices  has  lagged.  This  has  a  direct  and 
devasting  impact  on  the  development  of  an 
adeouate  model  of  the  dynanucs  of  sperm 
whale  populations.  339 
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Pwibtom  of  «inr  undtniMMling  of  popN- 
kiioii  ijnanics 


The  general  theory  of  population  dyna- 
mics which  is  assumed  to  apply  is  ih.ii  ihc 
abundance  of  a  population  is  directly  depend- 
ent on  its  own  density  While  the  develop- 
ment of  this  theory  of  population  dynamics 
has  involved  extensive  controversy,  it  now  has 
the  status  in  many  quarters  as  described  by 
Haldane,  of  a  "blinding  glimpse  of  the  ob- 
vious" (quoted  in  Gill>ert,  1973).  Some  at- 
tempts have  been  made  to  establish  or  support 
this  theory  on  the  basis  of  (i)  logical  necessity 
(Gilbert,  1973  and  mhers);  observed  cor- 
relations of  abundance  with  ^e  magnitude  of 
changes  in  abundance  (Tanner,  1966),  and  (iii) 
demcinstrated  changes  in  vital  or  demographic 
processes  m  individuals  which  arc  directly  as- 
sociated with  population  size  change.  The 
information  on  naleoi  whales  in  the  ^tarctic 
provides  some  of  the  most  dear  support  of  this 
latter  type. 

It  has  been  observed  that  the  interval 
between  calves,  as  estimated  by  the  proportion 

of  the  catch  which  is  pregnant,  has  declined  as 

the  Antarctic  baleen  whale  populations  have 
been  reduced.  Correspondingly,  it  has  been 

observed  that  the  age  of  first  reproduction  has 
decreased.  Both  of  these  changes  tend  to 
increase  the  rate  ol  reproduction  and  hence,  if 
die  mortality  rate  is  constant  or  decreasing,  to 
cause  the  population  to  increase. 

In  attemptini?  to  apply  this  theory,  it  is 
necessary  to  obtain  iniormation  on  how  the 
reproductive  parameters  diange  with  abun- 
dance and,  of  course,  on  abundance  itself  If 
has  been  observed  in  the  data  on  spCrm  whale 
carcasses  thai  the  pregnancy  rate  is  different 
for  different  populations,  implying  different 
intervals  between  calving.  The  problems  with 
estimating  abundance  to  as.sociatc  with  these 
dilTerences  in  reproductive  rates  have  been 
discussed  above.  This  has  prohibited  determi- 
nation ofhow  the  calving  interval  has  changed 
with  abundance.  Addiiionaily.  there  appear  to 
have  been  few  observaiions  on  sperm  whale 


populations  where  the  female  population  size 
has  been  ^eatly  reduced. 

While  the  magnitudes  of  change  in  re- 
productive rates  are  now  known,  the  absence 
of  accurate  abundance  estunates  prevents  the 
determination  of  the  nature  of  the  relationship 
between  calvinc  interval  and  abundance.  Thev 
could  be  related  in  a  linear  manner,  a  unit 
change  in  abundance  causing  a  constant  pro- 
portional change  in  calving  interval  i^ter- 
natclv  the  calvinj:  interval  might  decrease  at 
a  decreasing  rate  with  abundance.  In  the  ab- 
sence of  information  on  this  point,  a  range 
ot  relationships  has  been  considered. 

Lacking  convincing  information  on  the 
dynamics  of  the  vital  processes  in  sperm  whale 
populations,  some  insight  can  hopelblly  be 
obtained  by  analogy  to  populations  of  other 
belter  understood  species.  The  models  used  for 
sperm  whales  to  date  have  been  heavily  based 
on  analogy  to  baleen  whales,  seals,  porpoise 
and  elephants. 

Generally  what  is  known  about  the  dy- 
namics of  different  species  has  not  been  con- 
sidered in  a  comparative  sense;  rather,  individ- 
ual cases  arc  considered  by  separate  workers. 

They  frequently  do  not  approach  the  problems 

in  the  same  manner,  and  use  different  mathe- 
matical descriptions.  It  would  be  valuable  to 
synthesize  these  various  observations  in  one 

framework.  I  bis  would  allow  easy  and  reliable 
reference  to  comparative  data,  and  determi- 
nation of  tfie  relative  reliableness  of  the 
various  observations.  A  more  important 
advantage  is  that  it  would  provide  a  possible 
basis  for  a  comparative  study  of  the  dynamics 
of  mammalian  populations.  As  in  all  compa- 
rative work,  one  hope  would  be  to  determme 
genera!  patterns  which  might  be  useful  in  pre- 
dicting the  dynamics  of  other  species. 

While  the  baleen  whale  studies  provide 
some  of  the  strongest  support  of  the  density 
dependent  theory  of  population  dynamics, 
these  same  studies  are  now  providing  insights 
into  the  limitation  of  this  theory.  Recent  evi- 
dence suggests  changes  in  age  of  sexual  ma- 
turity of  the  sei  whales  prior  to  l^ieir  being 
harvested  (Gambell,  1974;  Lockyer,  1974). 
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This  suggests  that  (he  sei  whale  populations 
responded  reproduclively  lo  decUnes  in  other 
populations  of  baleen  whales,  implying  a 
Gompetitive  linkage.  The  changes  estimated  to 
have  occurred  would  have  been  sufTicient  to 
cause  a  substantial  increase  in  sei  whale 
abundance  prior  to  their  initial  harvesting  in 
1960  (Smith,  1975a). 

Another  limitation  of  thL-  density-de- 
pendent theory  of  population  dynamio*  is  the 
possibility  of  lags  in  response  to  changes  in 
abundance.  These  lags  could  be  related  to  a 
delayed  response  of  food  supply  as  numbers 
dechne,  or  to  a  delayed  physiological  response 
of  the  animal  to  an  increased  food  supply. 
Additionally,  with  long-lived  animals  Uke 
whales,  if  reproductive  rates  are  determined 
by  nutrition  at  young  ages,  the  average  time  to 
maturity  and  the  calving  interval  will  change 
only  graduaUy  as  the  older  animab  die.  The 
possible  impacts  <^  such  lagis  have  not  been 
evaluated. 

It  is  difficult  to  determine  the  details  of 
the  dynamics  of  sperm  whale  populations.  The 
major  proximal  problem  is  inadequate  esti- 
mates of  abundance.  More  distal  problems  are 
inadequacies  of  existing  theories,  and  inade- 
quate knowledge  of  the  marine  ecosystem. 
There  are  no  easy  answers  to  these  problems, 
and  for  some  perhaps  no  answers  at  all. 


Diversilied  management  stratqiies 


The  above  discussion  of  research  areas 
needing  additional  work  has  mainly  been 
ooooemed  with  the  possibilities  of  retrospec- 
tive studies  of  existing  data.  The  aim  has  been  to 
leanalysc  what  is  known  iisint?  new  and  more 
appropriate  tools.  Population  dynamics  of  ex- 
ploited animal  speaes  has  not  traditionally 
been  an  experimental  science. 

In  contrast  the  possibility  exists 
(ACMRR/FAO,  1977)  of  managme  separate 
populations  of  sperm  whales  towara  dinerent 
ends.  This  might,  if  propoly  planned  and 


monitored,  provide  comparative  data  from 
populations  at  different  levels  ol  abundance 
and  allow  the  determination  of  the  dynamics 
of  spenn  whale  popuhitions  rather  directly. 
One  could  manage  one  pc^pulation  to  reduce 
its  abundance  to  low  levels,  another  to  reduce 
its  abundance  only  slightly  if  at  ail,  and  others 
to  intermediate  states.  This  would  be  a  way  of 
capitalizing  on  the  population  structure  of  this 
species,  instead  of  just  allowing  this  to  con- 
found the  analyses. 

Such  experimental  management  has  not 
been  used  extensively  in  fisheries  work,  but  it 
is  not  unprecedented.  The  Inter-American 
Tropical  Tuna  Commission  engaged  in  its  Ex- 
perimental Overfishing  Programme  in  the 
mid-sixties  to  determine  the  accuracy  of  the 
predicted  optimum  harvesting  strategy,  based 
on  a  surplus  production  model.  The  North 
Pacifk  Fur  Seal  Commission  similarly  has 
stopped  sealing  on  St.  George  Ishind  in  order 
to  contrast  the  response  of  exploited  and 
unexploited  populations.  An  example  of  the 
utili^  of  this  approach  can  be  seen  in  the 
amount  of  information  on  exploited  marine 
populations  which  has  been  gained  because  of 
the  fishing  hiatus  during  the  Second  World 
War. 

This  approach  requires,  of  course,  that 
careful  monitoring  of  the  populations  is  pos- 
sible. Both  abundance  and  vital  rates  must  be 
observed.  If  the  population  is  harv  ested  at  all, 
the  vital  rates  can  be  fairly  well  obser\  cd.  The 
problems  of  abundance  estimation  were  dis- 
cussed above.  It  would  be  necessary  to 
overcome  these  problems  if  the  full  potential 
of  this  approach  were  to  be  realized.  This 
would  also  be  important  just  to  ensure  the 
safety  of  populations,  especially  those  identi- 
fied for  large  abundance  reduction. 


Sommaiy  and  coDdinions 


Were  a  report  of  this  type  being  written 
in  1966  instead  of  1976,  its  tenor  would  neces-    34 1 
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sarily  have  been  much  different.  While  the 
same  6  areas  of  investigation  could  have  been 
identified,  the  unknowns  would  have  been 
more  numerous.  The  approaches  to  be  ex- 
plored in  tr\'tnjz  to  gain  understandine  would 
have  been  more  obvious  and  easier  to  pattern 
al  ter  the  earlier  work  on  baleen  whales.  Much 
of  this  ''similar"  work  h  as  been  done  or  will  be 
in  the  near  future,  and  the  results  do  not  seem 
as  convincing  and  consistent  as  those  of  the 
baleen  whales.  In  particular,  the  population 
abundances  and  dynamics  are  poorly  under- 
stood. I  see  a  great  need  for  additional  studies 
of  abundance  on  a  population  basis,  and  a 
corresponding  attempt  to  correlate  possible 
changes  in  vital  rates  with  abundance  changes. 
In  this  fashion,  the  dynamics  of  the  popula- 
tions can  be  understood  on  a  firmer  basis  so  as 
to  allow  better  management  advice  to  the 
Commission. 

Even  in  the  best  situations,  however, 
such  studies  are  unlikely  to  resolve  ail  of  our 
uncertainties.  The  refinemoit  of  the  inferences 
on  population  dynamics  made  by  analogy  is 
another  important  research  consideration. 
Extensive  use  of  this  approach  has  been  made 
to  date,  and  it  i»  important  to  determine  its 
stiwgths  an  J  svcaknesses  so  as  to  evaluate  this 
source  of  information  properly. 

Finally,  in  designing  management  strat- 
^es  for  the  flituie,  it  is  important  to  consider 
diversified  management  for  different  popula- 
tions. This  would  increase  the  stability  of  the 
species  as  a  whole  by  ensuring  that  some  pop- 
ulations at  least  would  not  be  damaged,  and 
it  could  potentiatty  provide  detailed  mforma- 


tion  on  the  dvnamic  changes  in  sperm  whale 
populations  as  abundance  changes. 

In  conclusion,  the  Scientific  Commit- 
tM*s  recommendations  on  the  management  of 
sperm  whales  appear  to  be  based  on  somewhat 
weaker  scientific  ground  than  those  n^ade  on 
±e  management  m  baleen  whales.  The  Scien- 
tific Committee  is  quite  aware  of  the  limita- 
tions of  its  information,  and  in  fact  carried  out 
during  the  meeting  an  extensive  sensitivity 
anafysis  of  the  mathematical  models  being 
used.  Some  new  insights  were  gained  in  this 
process.  We  must  assume  that  the  harvesting 
of  sperm  whales  is  having  an  impact,  even 
though  we  cannot  determine  the  magnitude  of 
impact  with  certainty.  Management  has  too 
frequently  been  lacking  because  of  gaps  in  our 
understanding.  1  he  one  thing  we  do  know  is 
that  harvesting  of  large  whales  can  cause  rapid 
and  extenave  reduction  in  abundance. 

It  is  important  that  available  informa- 
tion be  reanalysed  using  more  adequate 
models,  and  that  future  management  strategy 
allow  for  obtaining  information  which  in- 
creases our  imderstanding. 
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Abstract 

A  Leslie  matrix  mode!  using  constant  age-specific  rccunditv  and  survival  terms  is  given 
for  blue  whales,  Bataenopicra  musculus;  it  indicated  an  annual  intnnsic  rate  of  natural 
increase  of 0.0036,  is  simple  and  inexpensive  to  use  but  only  describes  a  population  wdl  at  low 
density  An  improved  model  more  useful  in  simulation  studies  and  givinij  mdrc  accurate 
results  can  be  constructed  by  making  the  constant  terms  functions  of  the  population  size; 
however,  there  are  not  enou^  data  on  repradnction  and  natttral  mortality  to  determine  the 
exact  forms  of  these  functions  and  obtaining  this  data  would  be  expensive.  The  models  are  not 
overly  sensitive  to  errors  in  the  values  of  parameters  and  the  resulting  maximiun  error  in 
predictioM  can  be  calculated;  fhey  are  weakly  cydk  with  a  period  of  about  10  years. 


Minimi 

Un  modele  de  matrice  de  Leslie,  utilisant  des  termes  constants  de  fecondite  et  de  survie 
sp^dfiques  de  I'&ge  est  ddcrit  pour  la  baleine  bleue  Balaenoptera  musculus,  11  indiquc  un  laux 
intrms^ue  annuel  d*accrois8ement  naturel  de  0,0036,  est  d'une  utilisation  simple  ct  peu 
ooftteuse  mais  ne  dtoit  qu'une  population  a  une  faible  densitd.  Un  moddle  amelior^,  plus  utile 
dans  les  Etudes  de  simulation  et  donnant  des  resultats  plus  precis,  peut  £tre  construit  en 
^Uittant  les  fonctions  a  termes  constants  de  la  taille  de  la  p<)pulation;  cepcndant,  on  ne 
dispose  pas  d'assez  de  donn^es  sur  la  reproduction  et  la  mortality  naturelle  pour  determiner 
les  formes  exactes  de  ces  fonctions  et  I'obtention  de  ces  donn^es  serait  coflteuse.  Les  modules 
ne  sunt  pas  excessivemcnt  scnsibles  aux  erreurs  des  valcurs  des  paramitres  ci  on  peut  calculer 
I'erreur  maximale  de  prMsioii  qui  en  rteulle;  ils  sent  raiblement  cydiqnes  avec  une  pMode 
d'environ  lOans. 


Se  presenta  un  modelo  matiiz  de  LcsHe  para  la  ballena  azul  {Bahenoptera  mumdus),  en 

el  que  sc  utilizan  tdrminos  constantcs  para  la  fecundidad  cn  funcion  de  la  edad  y  la  supervi- 
vencia.  £i  modelo  revela  un  indice  intrinseco  anual  de  aumento  natural  de  0,0036  y  es  sendllo 
y  pooo  oostoso  de  utilizar,  pero  sAlo  describe  Men  una  pobladAn  cuando  su  densidad  es 
pequei^a.  Es  posible  preparar  un  modelo  mejor,  mis  iiiil  para  estudios  de  simulaci6n  y  que 
.permita  obtener  resultados  m4s  exactos  haciendo  que  los  tdrminos  constantes  sean  funcidn  del 
volumen  de  la  pobladdn;  sin  embargo,  no  se  dispone  de  daujs  suficicntes  sobre  repn>ducci6n 
y  mortalidid  natuni  pan  detenninar  las  fotnnas  exactas  de  esas  fimdones,  y  <^tetter'esos  345 
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datos  resultaria  coslo&o.  I.os  modelos  no  son  miiy  scnsibles  a  eventuales  errores  en  li  ^  \  .ilnrcs 
dc  \o&  par^meiros,  y  es  posibic  calcubr  ci  error  mdximo  consiguicntc  cn  las  predicciuncs.  Son 
dclioos,  con  im  peiiodo  de  onoB  lOaflos. 


M.B.  Usher 

Depwtment  of  Biology,  University  of  York,  HesUngton,  York  YOl  SDD,  England 


This  paper  gives  a  oonccted  form  of  a 

Leslie  matrix  model  for  a  blue  whale  popula- 
tion. The  versatili^  of  this  type  of  model  is 
described. 


The  basic  model 


A  Leslie  matrix  model  for  a  blue  whale 
population  {Balaenoptera  musculus)  was  de- 
scnbed  liy  Usher  (1972).  Basicalfy,  the  matrix, 
with'some  oorrectkms  is: 
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The  denvation  of  the  terms  in  this  matrix  is 
discussed  by  Usher  ( 1 972).  The  elements  m  the 
first  row  of  the  matrix  are  age-specific  fecun- 
dities, denoting  the  number  oflive  female  blue 
whales  bora  to  a  female  in  the  age  class  con- 
cerned. The  dements  in  the  sob-diagonal,  all 
0.77  are  age-specific  survival  terms  over  a 
2-year  period  This  value  was  estimated  from 
data  given  by  Laws  (1962)  for  the  fin  whale  (B. 
Phymhis).  The  element  in  the  lower  light-hand 
corner,  0.78,  is  included  since  it  indicates  that  a 
whale  entering  the  final  class  will  have  a  mean 
life  expectancy  of  8  years,  which  corresponds 
with  tne  20  age  estimated  for  su^  ani- 
mals. 


If  the  age-specific  population  structure 
at  time  t  is  denoted  by: 

fl«  ~    1^0.1-.  Su>  '■^Ua  *i3.l'  <^*.x^  '^M' 

where  a,,,  is  the  number  of  whales  in  their  1st 
and  2nd  years,  a,,  the  number  in  their  3rd  and 
4th  years,  etc.,  and  a^^  is  the  number  in  their 
13th  and  subsequent  years,  and  if  a,«i  is  the 
number  one  interval  of  time  (two  years)  later, 
then  the  Leshe  matrix  model  can  be  written  as 

0,41 "  Aii^ 

which  can  be  extended  k  periods  of  time  into 
die  Atture 

Ot^x  —  Aa^^x-\  ~  A}^^\-^  ~     ~  A^Oi 

where  k  ^  1  is  an  integer.  If  the  population 
structure  is  stable,  i.e.  if  there  are  no  propor- 
tional changes  in  the  population  vector  a  from 
one  period  of  tune  to  another,  then 

Aa»\a 

where  A  is  the  eigenvalue  and  <i  is  an  eigen- 
vector of  i4.  X  is  a  scalar,  and  is  greater  than  I  if 
the  populatiim  size  is  increasing,  equal  to  I  if 
the  population  size  is  stable,  and  is  less  than  1 
if  the  population  size  is  decreasing.  Solving 
this  matnx  equation  gives 

X  =  1.0072 

An  eig^veclor  is  detennined  exoqpt  for  a 
constant  multiplier  0.e.  the  proportions  be- 
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tween  elements  are  precisely  detmnined, 
though  their  magnitude  is  not  determined). 
Choosing  the  first  element  as  umly,  the  eigen- 
vector a  is 

a  -  { 1,  .764,  .584,  .447,  .341,  .261,  .885} 
Refining  the  bask  model  for  greater 


It  will  be  seen  above  that  it  is  predicted 
that  the  population  will  increase  by  a  factor  of 
1.0072  every  2  years,  and  thus  that  the  basic 
model  only  predicts  an  exponential  growth  or 
decay  of  a  population.  In  fact,  there  is  a  close 
correspondence  between  the  exponential 
growth  equation  (where  r  is  the  intrinsic  rule  of 
natural  UKrease)  and  the  basic  Leslie  matrix 
model,  where 

r  =  In  (X) 

and  hence  the  value  of  A  found  above  would 
indicate  an  intrinsic  rate  of  natural  increase 
per  year  for  blue  whales  of  r  «  0.0036.  The 
l  eslie  matrix  model  suffers  from  the  same  dis- 
advantages as  the  exponential  growth  model. 
It  describes  a  population  reasonably  well  if 
that  population  is  at  a  low  density,  but  it  is  not 
realistic  to  use  the  model  to  predict  far  into  the 
future. 

The  model  can  be  improved  by  making 
the  survival  and/or  fecundity  terms  functions 

of  the  population  size.  Such  a  m(Hlel  was  first 
described  by  Pcnnvcuick,  Conipinn  and  Beck- 
lagham  (1968).  and  has  been  discussed  lur- 
iher  by  U.sher  (1972).  Thus,  in  the  matrix  the 
fecundity  elements  in  the  first  row,  fj ,  are  re- 
placed by  functions 

fu  =  g(fl.) 

and  (he  survival  elements  in  the  subdiagonal, 
p„  by  functions 

Pit  =  h  (fli) 


Unfortunately  in  the  case  of  w  hales  there  are 
insuHicient  data  on  natural  mortalities  to  be 
able  to  investigate  the  form  of  the  function 
h  (a).  It  is  known  that  reproduction  in  whales 
tends  to  occur  earlier  when  they  are  at  very  low 
population  density  (e  g  Watt,  1968),  but  there 
are  probably  insutlicieni  data  to  determine  the 
exact  form  of  the  Ainction  g  (a).  Also,  there  are 
insufficient  data  to  decide  whether  f^,  and  p,, 
are  functions  of  a,  or  of  only  one  or  several  of 
the  elements  of  this  vector.  Research  on  these 
aspects  of  natural  mortality  and  survival 
would  have  considerable  use  in  the  construc- 
tion of  a  more  realistic  model  of  a  whale 
population. 


Error,  stability  and  oscillations 


Three  questions  relating  to  ecological 
theory  are  of  concern  if  one  wishes  to  consider 
the  properties  of  these  Leslie  matrix  models. 

What  IS  the  ef  fect  of  error  in  parameter 
estimation  on  the  predictions  of  the  model? 
This  has  been  considered  by  Usher  (1976), 
who  shows  that  the  model  is  reasonably  robust 
to  the  sort  of  parameter  estimation  errors  that 
are  likely  to  arise.  If  the  error  of  estimation  is 
known,  or  can  be  assessed,  then  the  maximum 
error  in  the  eigenvalue  can  be  calculated  from 
equations  ( 1 1 )  in  Usher's  paper. 

Secondly,  how  stable  are  the  models? 
The  stability  properties  of  models  have  been 
investigated  by  Beddington  (1974).  who  gi\  c'^ 
equations  for  estimating  the  stability  of  such 
models.  It  is,  however,  peiiinent  to  ask  if  the 
stability  properties  of  an  over-simplified 
mode!  reflect  anything  about  the  Stability  of 
the  population  being  modelled. 

Thirdly,  are  there  any  cyclic  features  of 
the  population  or  the  model  '  There  are  no 
indications  that  the  size  of  a  natural  blue  whale 
population  is  cycUc.  The  seven  roots  of  the 
basic  model  for  blue  whales  are,  in  decreasing 
order  of  modulus.  1.007.  0.162  ±  0.579i, 
-  0.467,  -  0.232  ±  0.359i,  and  0379.  Fol-  347 
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lowing  ihe  arguments  of  Usher  (1976)  these 
indkate  that  me  model  has  a  weak  <^lic  be- 

haviour  with  a  period  of  about  4.8  steps  (ap- 
proximately 10  years),  though  oscillatoas  are 
strongly  damped  (since  {\,/X2\  —  1.68). 


Conclusions 


Leslie  matrix  models  are  simple  to  for- 
mulate, simple  to  compute,  and  require  no 
great  algebraic  skill  on  the  part  of  the  model- 
ler. However,  their  role  should  not  be  over- 
estimated when  the  simplest  form  of  the  models 
is  being  used. 

^  changing  the  matrix  elements  from 
constants  to  functions  of  the  population  size,  it 


is  possible  to  buUd  more  realistic  models.  How- 
ever, the  modeller  is  faced  witii  a  dilemma. 
On  the  one  hand,  a  simple  model  can  be  built 
that  uses  only  the  data  that  are  available  at 
present  and  that  gives  an  answer  thai  might  be 
appioxtmately  correct.  On  the  other  hand  a 
more  complex  mode!  would  be  more  useful  in 
simulation  studies,  and  would  give  results  that 
are  more  accurate,  but  considerable  research 
effort  would  be  required  to  collect  data  aa 
which  to  construct  the  appropriate  functions 
Both  models  are  cheap  to  operate;  the  more 
complex  one  would  be  very  expensive  in  re- 
search time  in  its  formulation.  Using  Leslie 
matrix  models  it  should  be  feasible  to  adopt  a 
flexible  modelling  policy  that  allows  for  great- 
er or  lesser  precision  depending  upon  the 
nature  of  the  specific  problem  and  the  avail- 
ability of  financial  and  research  resources. 
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OBJECTIVES  OF  MANAGEMENT, 

WITH  PARTICULAR  REFERENCE  TO  WHALES 


SJ.  Holt 


The  author  considers  the  objectives  of  managemeni  of  humans  by  humans,  through 
re<]ulati(in  of  their  impact  on  sea  life  and  makes  propi^s  iK  fnr  amended  management  policies 
withm  the  existing  structure.  He  argues  for  the  ideniilicaiion  of  "conservation"  limits  of 
paiameier  values  in  keeping  with  known  data,  and  that  these  should  be  the  basis  for  scientific 
assessments,  even  i("lc:niin"  sometimes  recommendations  for  catches  to  he  reduced  even 
more  than  they  have  been  m>  far.  He  explains  the  difference  between  MSV  (number)  and 
MSY  (weightX  noting  that  a  33  percent  higher  fishing  mortality  must  be  caused  to  obtain  M SY 
(number)  than  MSY  (weight).  The  overall  nominal  catch  per  unit  efTort  is  about  35  percent 
higher. 


Kesum^ 

L'auteur  examitic  K  s  objcciil-.  dc  Tam^nagement  de  I'homme  par  I'homme.  qui  recle- 
mente  son  action  sur  la  vie  marine,  et  lormule  des  propositions  visant  a  modifier  les  politii^ucs 
d'am^nagement  au  sein  des  structures  actudles.  11  prone  T^tablissement  de  parametres  pour 
fixer  Jcs  litnitcv  d<j  conscrv atiiin  conformes  aux  donnees  connues  et  pouvant  servtr  de  base 
aux cvaluaiu>ns>cieiui!i4ucs,  tiKiiic  s  il  doii  en  rc'sulter des recommandations  prto)nisaiit  une 
reduction  des  captures  plus  fortes  que  celles  d^ciddes  jusqu'alors.  Expliquant  la  difference 
entre  rendement  maximal  equilihrc  (\  alcur  unitaire)  et  rendement  maximal  equilibre  (valeur 
ponderale),  ii  note  que  la  mortahte  due  a  la  peche  doit  etre  de  33  pour  cent  plus  elevee  pour 
obtcnir  le  rendement  tnaximal  6quilibrd  en  valeur  unitaire  plutot  qu*en  valeur  ponderale.  Le 
total  des  captures  nominates  par  unit6  d'efTort  est  d'environ  35  pour  cent  plus  titvt. 


Extiocto 

El  autor  examina  los  objctivos  del  control  del  hombre  por  el  hombre,  medtante  la 

regulacion  de  sus  reperciisioncs  on  la  \  ida  marina,  y  formula  propucstas  p-ua  la  modificacion 
de  politicas  de  ordenacion  en  el  marco  de  la  estructura  existente.  Propugna  la  detenninacidn 
de  los  Ifmites  de  «  oonservaci6n  »  de  los  valores  del  pardmetro  de  acuerdo  con  los  datos 
conocidos  y  sostienc  que  dcberian  constituir  la  base  de  las  evaluacioncs  cicntificas,  aun 
cuando  a  veces  den  lugar  a  que  se  reoomiende  una  reduccidn  todavia  mayor  de  las  capluras. 
Explica  la  diferenda  eotre  el  RSM  (nAmero)  y  el  RSM  (pesoX  observando  que  para  Gonse)>uir  349 
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un  RSM  (numero)  mayor  que  el  RSM  (peso)  haria  falta  una  mortalidad  por  capiura  un  33  por 
denlo  mis  ekvada.  La  captura  global  nominal  por  unidad  es  apcoxunadamente  un  35  por 
cwnto  mayor. 


SJ.  Hoh 
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Introduction 


Before  humans  presume  to  "manage" 
marine  mammals,  we  need  (o  learn  lo  manage 
ourselves.  In  fact,  no  wild  marine  Uving  re* 
sources  are  managed.  At  best  and  that  not 
very  widely  —  there  is  a  degree  of  managc- 
menl  of  some  of  the  human  activities  which 
aflect  those  resources.  The  distinctions  be- 
tween managing  "environments",  managing 
"resources"  and  managing  human  acliv  iiiesare 
not,  I  believe,  merely  terminological  as 
some  sdentisls  have  maintained,  nor  trivial. 
This  paper  concerns  the  objectives  of  mana- 

gement  of  humans  by  humans  through  regu- 
ition  of  their  impact  on  sea  Ufe,  and  makes 
proposals  for  amended  management  poUdes 
within  the  existing  structure 

Praclicaliy  all  attempts  to  bnng  some 
order  into  modem  fishing  and  human  activity 
have  had  as  their  aim  the  reduction  to  accept- 
able levels  of  ihe  deleterious  effects  of  compe- 
tition among  present  exploiters,  and  of  tem- 
poral ''competition**  between  them  now  and 
them  later,  or  their  descendents  or  successors. 
The  need  for  such  action  has  been  particularly 
evident  in,  but  not  hmited  to,  the  exploitation 
of  "common  property"  resources.  The  at- 
tempts to  "manage**  have  always  involved  a 
partial  restraint  on  some  of  the  relevant  activi- 
ties by  some  of  the  participants.  The  approach 
has  been  lo  tiy  to  identify  which  actions  have 
the  most  deleterious  effect  -  potentially  or  in 
fact  —  and  which  participants  are  most  pow- 


erful in  their  impact  on  the  resource,  and 
then  to  regulate  one  or  a  few  of  the  factors  of 
impact.  This  usually  means  regulating  the 
factors  of  exploitation  itself,  which  are  consid- 
ered to  have  a  direct  and  incontestable  effect 
on  the  resource. 

Hxperienee  shows  that  such  regulation 
can  sometimes  be  effective,  by  rcducmg  some 
of  the  deleterious  effects  of  high  intensity 
competitive  exploitation.  However,  experience 
also  shows  that  everv  partial  regulation  leads 
to  "reactions"  which  arc  mcvitably  opposite  in 
sense.  If  one  kind  of  fishing  is  regulated  there 
will  be  a  tendency  to  shift  toward  one  that  is 
not:  if  sizes  of  meshes  are  regulated  in  trawl- 
ing, there  will  be  predictable  changes  in  the 
amount  and  distribution  of  fishing  effort;  if 
fishing  on  some  stocks  of  a  species  is  regulated, 
there  will  be  a  shift  toward  other  stocks  of  the 
same  or  similar  species;  if  fishing  or  whalmg 
under  the  flags  of  some  nations  is  regulated, 
there  will  be  a  shift  toward  the  use  of  flags  olf 
other  nations,  and  so  on.  Furthermore,  if  some 
of  the  interrelated  but  qualitalivcly  dii'fcrcnt 
uses  of  the  sea  are  regulated  and  otheis  not, 
shifts  will  occur  in  the  pattern  of  use.  These 
changes  are  predictable  in  a  general  way  be- 
cause, despite  the  present  weakness  of  econo- 
mic and  social  theoiy,  mt  do  m  most  cases 
know  the  motives  -  the  search  for  economic 
advantage  by  some  human  groups  over  others, 
and  the  securing  of  profit,  that  is,  of  yield  with 
respect  to  input  costs.  This  is  so  obvious  as  to 
make  one  doubt  the  value  of  repeating  it  - 
repetition  is  needed,  however,  to  dispel  Ihe 
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haze  of  myth  that  surrounds  most  internation- 
al discussion  of  marine  resource  manage- 
ment, which  still  obscures  the  main  issues  and 
confuses  both  the  scientilic  discussion  and  the 
decision  making. 


The  ^Airlie'^  proposals 


A  recent  formulation  of  the  objectives 
for  managing  activities  with  respect  to  wild 
living  resources,  eventually  summarized  in  a 
Resolution  of  the  1975  General  Assembly  of 
the  International  Union  for  the  Conservation 
of  Nature  (lUCN)  referred  specifically  to 
whales  and  whaling.  It  suggests  that  a  number 
of  related  objectives  should  be  sought  as  a 
package,  that  not  all  of  these  are  fuUy  com- 
patible, and  not  all  can  now  be  quantified  - 
some  perhaps  never.  It  is  proposed  that  due 
weight  be  given  to  the  possible  interests  of 
future  generations  of  humans,  which  may  or 
may  not  be  the  same  as  ours,  quantitativeiy  or 
qualitatively,  and  that  regard  should  be  paid  to 
harmonizing  conflict  between  different  pres- 
ent interests,  includmg  qualitatively  different 
"uses'*  of  the  resource,  n^ich  can  include  not 
regarding  natural  systems  as  "resources". 

In  addition,  accordini'  to  this  formula- 
tion,  to  the  extent  that  economic  yields  are 
important  it  is  the  net  yield  rather  than  the 
gross  yield  that  matters;  accx)unt  is  to  be  taken 
of  inputs,  as  well  as  outputs,  especially  to  the 
extent  that  these  inputs  are  derived  from  ex- 
ploitation of  oth^  natural  resources,  whidi  are 
not  infinite.' 


■  It  a|»peus  that  in  *ome  'Vxrannadal*  exploilaiion 

that  continues  there  Ls  a  net  loss.  According  (o  A.W.  Reitie,  Jr. 
and  Glenn  L.  Rcilzc  (I97S  "Law.  Biooi  and  Seals  in  Ihe 
I'ribilnfK".  Lnvironmeni.  l7(7):3-4.  ihc  Pribilof  research  and 
manaiicincnt  propranime  ol'  ihe  US  costs  the  taxpayers  USS 
I  (XK)(XX)  annually  nu>re  tli.in  the  value  of  the  seal  skins  ob- 
tained. Ilicse  oosti  in  Tact  arc  indirect  contribulioos  to  welfare 
of  die  iohalMtaiiiB  of  Sl  Pkul  Mand. 


IMscussion 


This  and  similar  formulations  of  objec- 
tives  have  been  criticized,  because  all  the  fac- 
tors cannot  be  quantified.  Such  criticism*  is  not 
sound,  for  2  main  rea.sons.  First,  "objectives" 
do  not  emerge  from  science  as  such;  science 
might  indicate  whether  particular  objectives 
are  feasible  in  terms  of  natural  law,  and  might 
suggest  certain  objectives  as  possible  and  ra- 
tional, which  had  not  previously  been  recog- 
nized. But  in  no  area  of  human  governance  are 
decisions  takm  on  the  basis  only  of  factors 
which  can  be  measured.  If  society  decides  that 
"protection  of  an  ecosystem"  is  an  objective 
of  management,  then  an  argument  that  we  do 
not  yet  know  enough  about  the  dynamics  of 
ecosystems  seems  no  impediment  to  that 
objective.  On  the  contraiy,  declaration  of  the 
objective  is  the  stimulus  to  the  sciratific 
research  needed  to  implement  it. 

Second,  the  distinction  between  what 
can  and  cannot  be  measured  is  more  blurred 
than  is  usually  supposed.  'Values**  of  live 
whales  have  not  been  measured,  even  as  tour- 
ist attractions  -  the  latter  because  no  serious 
aliempi  has  been  made  to  do  so  -  but,  equal- 
ly, "maximum  sustainable  yield"  of  whales 
has  not  been  measured,  to  my  satisfaction,  for 
any  stock.  At  most,  the  distinction  is  a  matter 
of  degree. 

It  is,  therefore,  entirely  appropriate  now 
to  consider  a  multiple,  interacting  "package" 
of  management  objectives  such  as  that  adopt- 
ed by  lUCN.  It  is,  in  fact,  still  insufficiently 
oomprdiensive;  it  still  does  not  recognize  that 
management  of  human  activities  with  respect 
to  wildlife  cannot  be  separated  from  manage- 
ment of  all  human  activities  affecting  the  eco- 
system in  which  that  wildlife  resides,  and  can- 
not be  considered  without  proper  account 
being  taken  of  the  natural  properties  of  those 
ecosystems.  The  most  important  property  of 
ecosystems  which  the  package  ignores,  is  their 
continuous  evolution  and  change,  on  all  time 
scales.  A  provision  should  therefore  be  added 
to  the  lUCN  fonnulation  that  human  impact   3S 1 
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on  wildlife  he  regulated  such  that  its  ability  to 
respond  successfully  to  natural  environmental 
change  -  to  survive  adverse  changes  and  to 
thrive  in  response  to  favourable  dianges  - 
should  not  be  impaired. 


The  oblectivcs  of  whaling  management 

I 

Unfortunately,  with  respect  to  whales, 

we  seem  in  practice  to  be  lightyears  away  from 
international  acceptance  of  social  and  scientif- 
ic views  of  the  kind  embodied  in  the  lUCN 
resolution,  which  are  themselves  afaready  far 
from  what  some  lawyers,  philosophers  and 
social  scientists  would  now  find  acceptable, 
being,  for  them,  still  too  anthropocentric.  The 
bitemational  Whaling  Commission  cannot 
take  or  has  not  taken  -  account  of  any  of 
the  vahies  of  live  whales,  except  to  a  small 
degree  as  the  parents  of  a  future  catch  in  the 
medium  term  —  and  diat  with  low  priority. 
The  IWC  furthermore,  is  not  in  a  position  to 
consider  whales  ui  relation  to  other  predators 
on  kriU  and  fish,  for  example.  It  docs  m>t  yet 
regulate  all  whaling  —  in  fact,  as  total  whale 
yields  dwindle,  the  proportion  taken  bv 
non-members  of  IWC  is  gradually  mcreasing; 
recent  accessions  to  membership  nave  been  by 
non-whaling  countries. 

What  then  can  be  done  about  the  objec- 
tives of  whaling  management  through  the 
present  institutional  arrangements?  On  a  more 
detailed  level,  some  suggestions  for  improve- 
ment are  made  below. 


Current  whale  management  poucy 

The  positive  features  of  recent  changes 
in  IWC  poUcy  are:  (i)  the  recognition  that 
bioIogicalK  distinct  populations  or  popula- 
tions which  nux  only  slowly  and /or  partially 
(so-caUcd  "species  stocks")  must  be  treated 
separatefy;  (ii)  immediate  cessation  of  whaling 
(m  a  population  reduced  by  whaling  to  less 


than  a  particular  fraction  of  its  abundance  be- 
fore whaling  started;  (iii)  the  need  to  regulate 
rate  of  reduction  of  a  population  by  whaling, 
(iv)  the  aim  of  regulation  of  whalmg  is  stabil- 
ity. However,  there  are  a  number  of  other  fac- 
tors which  could  very  easily  have  been  taken 
into  account  but  have  not,  and  concerning 
vAadh  diere  is  great  resbtance  from  whaling 
countries,  such  as  taking  into  account  input  as 
well  as  yield  (i.e  ,  whahng  effort),  and  at- 
tempting to  maximize  the  amount  of  meat,  oil 
and  other  products  obtained,  by  their  wd^t 
or  value  mther  than  the  numbers  of  whiues 
caught. 

A  positive  aspect  of  the  "new  manage- 
ment policy"  (NMP)  of  the  IWC  is  that  it  has 
built  into  it  cautionary  rules  for  margins  of 
error.  Thus,  the  quota  for  a  "sustained  man- 
agement stock"  is  set  ai  90  %  of  the  estimated 
MSY  rather  than  at  MSY  itself  and  there  is  a 
graduated  reduction  in  quotas  from  stocks 
considered  to  be  near  to,  hut  if  anything  below, 
"MSY  level".  On  the  other  side,  however,  if  a 
Slock  is  thought  to  be  an  "Initial  management 
stock",  somewhat  above  MSY  level,  it  is  per- 
mitted to  take  catches  greater  than  the  sus- 
tainable yield  that  corresponds  to  the  esti- 
mated stock  level,  despite  the  fact  that  it  b  in 
precisely  those  cases  that  least  is  known  of  the 
population  parameters  and  dynamics.  Fur- 
thermore, the  application  of  me  NMP  is  in 
most  cases  so  far  such  as  to  pay  minimal  at- 
tention to  the  structure  of  a  stock  (e.g.,  com- 
position by  sex,  age,  size,  maturity),  concen- 
trating almost  entirely  on  numbers  of  individ- 
uals. 

The  rule  of  "opposite,  if  not  equal,  reac- 
tion" has  also  come  into  play.  Before  the  NMP 
was  promulgated,  the  Scientific  Committee  of 
the  IWC  always  insisted  on  making  so-called 
"conservative"  estimates  and  recommenda- 
tions, which  have  usually  been  overruled, 
overlooked  or  delayed  in  Uieir  application  by 
the  Commission  itself.  Now  that  the  NMP 
rules  contain  vnmr  automatic,  cautionary  pro- 
visions, the  Scientific  Committee  appears  to  be 
reverting  to  making  **be8t*  estimates  rather 
than  **oonservative"  ones.  The  danger  of  this  is 
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that  "best"  is  not  likely  -  because  of  our  broad 
scientific  ignorance  -  to  be  much  better  than 
something  very  different,  and  we  have  little 
idea  how  near  "best"  is  to  **oonect*'. 


Possible  changes 

In  these  circumstances,  those  who  wish 
to  see  the  balance  of  interest  in  todav  and  in 
tomorrow  redressed  even  to  a  small  degree  in 
favour  of  the  latter  might  eoncentrate  on  what 
can  be  done  now  within  the  terms  of  the  NMP. 
I  see  3  possibilities,  at  least. 

Best  estimates  and  safety  factors 

It  may  be  argued  ihai  it  is  not  satisfac- 
tory to  repmoe  the  customaiy  caution  in  the 
Scientific  Committee  recommendations  by  the 
"90  %  of  MSY"  rule  of  the  NMP.  I  hus.  if  the 
sustainable  yield  from  a  stock  in  a  certain  state 
is,  say,  one  half  or  less  of  the  Committee's 
estimate,  application  of  the  90  %  rule  in  deter- 
mining quotas  gives  an  entirely  false  sense  of 
"conservation".  That  errors  of  that  magnitude 
and  in  that  direction  are  possible,  even  likefy, 
is  evident  from  inspection  of  the  procedures  of 
assessment  on  which  rcoulations  are  currently 
based.  The  quotas  for  the  baleen  whales  still 
Open  to  exploitation  in  the  Southern  Hemi- 
sphere (mirike  and  sei)  are  based  on  extremely 
insecure  evidence  of  the  changes  in  abundance 
of  these  stocks  since  intensive  exploitation  of 
them  began,  and  does  not  consido'  the  struc- 
ture of  those  stocks;  assumptions  as  to,  not  as- 
sessments of,  the  stock  "levels"  which  should 

gve  MSY;  and  values  of  the  net  rate  of  popu- 
tion  increase  which  have  a  very  flimsy  data 
base,  and  which  most  likely  overestimate  the 
net  rate  of  increase  at  the  "MSY  level". 

The  quotas  for  sperm  whales  are  now 
based  on  the  best,  and  most  complex,  theoret- 
ical models  devised  for  whale  stock  assess- 
ment, but  estimates  of  the  values  of  parame- 
teis  to  be  used  in  those  models  leave  much  to 
be  desired.  In  particniar,  thoe  are  no  estimates 


of  the  most  significant  parameter  of  all,  the 
value  of  which  practically  determines  the 
quota  for  catches  of  males,  and  hence  most  of 
the  total  yield.  This  is  the  so-called  "harem 
reserve".  The  estimates  of  sustainable  catches 
of  males  are  overwhelmingly  conditioned  by 
the  assumption  that  a  certain  number  of  sur- 
plus males,  not  needed  for  repioduction,  can 
be  taken  without  affecting  the  rate  of  repro- 
duction. The  proportion  of  such  males  is  a 
pure  guess.  According  to  the  Scientific  Com- 
mittee the  number  of  socially  mature  bulb  not 
actively  engaged  in  breeding  activity  may,  in 
an  unexploited  population,  he  up  to  4  times 
the  number  of  harem  masters.  The  Committee 
wrote,  *^There  is  no  evidaiee  to  indicate  to  what 
level  this  ratio  could  decline  under  exploita- 
tion. A  reasonable  ratio  mi^ht  be  1:1,  ...  or 
aliernaiiVL'lv  no  reserve  might  be  necessary" 
(my  emphasis).  And  why  may  not  a  ratio  of 
2: 1  be  "reasonable"?  In  such  circumstances  it 
cannot  be  maintained  on  any  scientific  basis 
that,  by  assuming,  alternatively,  harem  re- 
serves as  0  or  1,  one  has  taken  ''optimistic** 
and  "pessimistic"  limits  and  thereby  straddled 
the  "true"  value  (the  "best"  value,  used  by 
the  Committee  now,  is  0.3). 

In  sudi  circumstances,  because  of  the 
great  asymmetrv'  of  the  consequences  of  being 
in  error  in  1  direction  or  the  other.  I  suggest 
that  it  is  essential  that  one  seek  to  identify  the 
^'conservation*'  limits  of  parameter  values  in 
keeping  with  whatever  real  data  exist,  and 
make  these  the  basis  of  scientific  assessments, 
even  if  this  sometimes  leads  to  recommenda- 
tions for  catdies  to  be  reduced  even  more  than 
they  have  been  so  far. 

Experimental  memaganent 

I  have  elsewhere  (Holt,  1977)  su^ested 
that  the  only  scientific  way  to  better  estimation 
of  sustainable  yields  is  through  experiment, 
not  by  watching  the  dismal  history  of  overex- 
pioitation  of  whales  and  afterwards  trying  to 
explain  how  and  why  eadi  collapse  occurred. 
Further,  there  are  some  situations  in  whidi  353 
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such  experiments  could  be  done  without  dan- 
ger to  the  species  -  where,  for  example,  there 
exist  several  otherwise  similar  populations, 
which  are  separated  fkom  each  other,  but  not 
completely.  Such  seems  lo  be  the  case  of  the 
Southern  Hemisphere  sperm  whales,  the 
whales  which  have  the  greatest  current  eco- 
nomic importance,  about  which  least  is  known 
and  which  just  might  not  yet  all  be  overex- 
ploited.  Such  an  experiment  would  involve  an 
mi  mediate  moratorium  on  exploitation  of 
some  of  the  stocks  and  a  controlled  intensive 
exploitation  of  others  To  produce  useful 
results,  the  experiment  would  certainly  have 
to  last  many  years,  because  of  die  apparent 
magnitude  of  the  vital  rates  of  sperm  whales, 
the  duration  of  their  natural  lives  and  the  time 
I>attem  of  sexual  and  social  maturity. 

MS)  weighl  and  MSY  number 

In  adopting  the  NMP,  the  Commission 
left  open  the  possibility  of  adopting  as  its  ob- 
jective the  attainment  of  "optimum  sustain- 
able yield"  (OSY)  rather  than  MSY.  OSY  has 
been  taken  so  far  to  mean  maximum  sustain- 
able yield  in  weight  However,  in  1975  and  in 
1^76  the  Commission  has  failed  to  adopt  such 
an  objective.  Indeed,  its  Scientific  Committee 
has,  with  respect  to  sperm  whales,  gone  back- 
ward a  step  m  this  matter.  In  its  original  pro- 
posals concerning  this  species,  the  Committee 
referred  to  MSY  by  number,  but  with  a 
weighting  factor  used  in  combining  the  num- 
bers of  males  and  females  to  take  account  of 
the  fact  that  the  average  weight  of  a  male  is  2-3 
times  thai  of  a  female.  In  its  most  recent  sub- 
missions, however,  the  Committee  has  given, 
with  little  comment,  recommendations  based 
alternatively  on  MSY  by  weight,  and  MSY  by 
number,  but  now  with  no  allowance  in  the 
latter  for  the  sex  difference.  The  Commission 
has,  of  course,  adopted  the  latter  criterion.  One 
has  the  impression  that  although  individual 
scientists  aiieaipi  tu  reach  objective  conclu- 
sions and  are  cxlen  quite  outspoken  between 
themselves  about  the  weaknesses  in  the  pres- 


ent assessments,  collecdvelv  the  Scientific 
Committee  fears  to  "go  loo  far"  in  drawing 
conclusions  from  its  own  studies;  there  is  per- 
haps a  desire  not  to  rock  the  boat  so  far  that 
those  nations  who  wish  to  continue  relatively 
unrestrained  whaling  for  short-term  advan- 
tage will  object  to  the  whole  NMP  procedure 
and  not  abide  by  majority  decisions. 

The  degree  of  difterence  between  the 
MSY  number  and  weight  criteria  depends  on 
what  fraction  of  the  life-long  growth  in  size 
occurs  during  the  "exploitable  phase"  -  that 
is,  after  recruitment  It  happens  that  this  frac- 
tion is  much  higher  among  the  exploited 
toothed  whales  —  sperm  and  bottlenose'  — 
than  among  the  rorquals,  although  even  in  the 
latter,  it  is  not  nej^ligible:  much  depends  on  the 
sizes  at  recruitment,  which  in  turn  are  partly 
determined  by  the  legal  minimum  size  limits  in 
force. 

It  has  been  argued  in  the  IWC.  that  the 
weight  criterion  is  in  some  way  more  "theoret- 
ical than  the  numerical  one,  because  whales 
cannot  be  weighed,  and  because  an  algebraic 
expression  is  used  to  calculate  total  weights 
from  length  compositions  of  catches.  In  fact, 
the  conversion  to  weight  is  one  of  the  least 
**tlieoretical**  of  all  the  arithmetic  opera  lions  in 
whale  stock  assessment,  being  based  on  rela- 
tively few,  but  careful  observations.  This  de- 
bate, however,  obscures  the  real  question, 
which  is  how,  as  a  practical  matter,  to  maxi- 
mize the  quantities  of  useful  products  from 
whales.  In  no  case  in  the  amount  of  product 
proportional  to  the  number  of  whales,  irres- 
pective of  their  size.  As  between  q>ecies,  bet- 


>  The  report  of  the  spedal  meeting  on  •>pcrm  whales  of 

Ihc  IWC  Scienlific  Committee  in  !.a  Jo!l.i,  M  ir.l]  1976.  is 
amhij^utniN  in  (his  respext.  Thus  while  it  is  dcniiuistr.iicd  trom 
the  dvn;iniic  model  that  there  is  a  MjiniCicint  difTcrencc  hc-- 
Iwccii  ihc  MSY  (No.)  and  MSY  (Wi.)  situations,  in  discussing 
minimum  size  limits  the  report  says  that  "the  growth  curve  <n 
both  nudes  and  females  is  very  Hal  in  the  main  exploiicd  age 
groups".  Yet  the  "hafT  growth  curves  used  in  the  model 
indicate  (hat  19  %  of  (he  growth  in  !eng(h  of  both  males  and 
fcmalcik,  and  46  %  uf  ihc  growth  in  weight  occun  after  re- 
cruitment. 
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vtten  sexes  and  between  ages  it  is  closely  de- 
pendent on  the  size  of  the  animal. 

The  relation  of  product  to  catch  becomes 
closer  if  the  number  caught  of  each  species  is 
multiplied  by  the  mean  length  of  ammals  in 
the  catch,  the  cube  of  the  mean  length,  the 
mean  of  the  cubes  of  length  of  animals  killed, 
and  the  best  estimate  of  weight  as  calculated 
fiom  the  best  fitting  power  functions  of  length 
(Table  1). 

The  calculations  of  the  Scientific  Com- 
mittee with  respect  to  Southern  Hemisphere 
sperm  whales,  using  the  Committee's  "best" 


parameter  values,  can  be  summarized  as  fol- 
lows: 

Total  exploitable  stock  in  all  9  Divisions 
in  1946  (assumed  relatively  unaiTected  at  that 
time  by  any  previous  whaling)  -229900 
males,  360  700  females  and  in  197S  106200 
and  298  300  respectively 

Adoption  of  MSV  number  criterion 
gives  a  total  catch  of  158  000  Ions  of  which 
88.8  %  is  from  males,  while  the  MSY  weight 
criterion  gives  a  total  of  163  500  tons  of  which 
98.4  %  is  from  males.  Adoption  of  the  number 
instead  of  the  weight  criterion  therefore  sacri- 


TaUe  1.  WmU  catclws  of 


of  spem  oil 


Year 


Whale  catch  Oil  prodiiciion 

No.  Wt.  Cons         Banels  Barrels  Barrels 

X  10-3  X  I0-*  X  10-»         per  whale        per  ion 


Kstimated  Poicniiul  oil 

efficiency  of  productum 
oil  exiractioo  BarrcU 
%  X  lO-J 


1948-49 

9.02 

50 

8.22 

51 

18.27 

52 

11.56 

53 

9.58 

34 

I3J6 

55 

15,59 

56 

18.59 

57 

19.16 

58 

21.85 

59 

21  .^0 

I9S9^ 

20.34 

61 

21.13 

62 

23.32 

63 

27.86 

64 

29.26 

65 

25.55 

66 

27.38 

67 

26.43 

6« 

24.08 

69 

24  22 

70 

25.83 

71 

22.41 

72 

IS.3S 

73 

21.68 

74 

75 

271.5 

344.7 

221.3 

285.6 

454.2 

630.2 

338.9 

447.2 

210.6 

304.0 

316^ 

429.5 

403.7 

539.5 

462.1 

651.1 

423.8 

589.7 

492.6 

725.2 

465.0 

691  6 

4663 

650.7 

485.9 

643.3 

481.0 

716.1 

S65.8 

848.9 

611.9 

898.3 

562.0 

832.6 

588.2 

872.0 

593.2 

883.7 

.502.7 

712.4 

513.7 

771.7 

546.2 

822.7 

452.4 

7233 

312.8 

S77.2 

37Z8 

619.5 

986.7 

461.6 

38.2 

1.27 

.34.6 

1.29 

345 

IJ9 

38  7 

132 

31.7 

\M 

31.7 

1J6 

34.6 

IJ4 

35  0 

1.41 

30.« 

IJ9 

33  2 

M7 

32.5 

1.49 

32.0 

1.40 

30.5 

U2 

30.7 

1.49 

30.5 

1.50 

30.7 

1.47 

32.6 

1.48 

31.9 

1.48 

33.4 

1.49 

29.6 

1.42 

31.9 

1.50 

31.9 

1.51 

32.3 

1.60 

37.6 

I.8S 

28.6 

1.66 

74.7 

461.4 

75.9 

376.3 

81.8 

770.4 

77.6 

576.3 

84.7 

358.9 

sao 

536.9 

78.8 

684.6 

82.9 

785.4 

81.8 

720,9 

86.5 

838.4 

87.6 

789.5 

82.4 

789.7 

77.6 

8290 

87.6 

817,5 

88.2 

962.5 

86.5 

1038.5 

87.1 

955.9 

87.1 

1001.2 

87.6 

1008.8 

83  5 

853.2 

88.2 

874.9 

88.8 

926.5 

94.1 

768.9 

(100.0) 

(577^1) 

97.6 

634.7 

(586,7) 

(461.6) 

NMK  Over  most  orihc  period  for  uhKh  c-jIcuUtinm  h^vc  hccn  mudc  ( l94K/4*>'  1972  '7^  «<<rlil  sperm  oil  prnduclion  per  w  hjlc  Icndol  l<<  dcdint-  hui  u  illi  UifC 

nuc'tujitims  III  the  E:nl  Vf.irs  '!  he  <!t-vlmc  l^  .i^snniifL-d  w  rth  ;i  rr;ulu;lt  ile  i  hnr  in  the  mc;in  Irflt'lh  c.f*  halt^  in  the  <  ilfi-hfs  I  he  vcrv  v^lut*  iif  3H  6  for  197^  ■  7^ 
IS  ovNocialcd  ith  .i  hip  iin.rc.ise  in  the  rol.it  i\e  mini  hers  nt  (eni.ilc^  in  Ihc  i.iU  h  <  *n  iho  iMhc  r  h.ird  iht  h.irrfls  ttf  nil  per  ifii  •  'I  *  h.iic  increased  thri>u^hiiul  the 
pcnod,  this  can  be  etpUincd  in  terms  oi  iniprosemcnLs  in  tlic  elTiciencv  ul  etti action  ul  uil  Inmi  the  cuicaucv.  1  he  ciicH'icieni  tif  viinalHin  ckl'  Ihe  oil  pet  «  bale 
raiiMn(Un,ilMioflM«ljp«rtpnniuinuuO.Ui.  hive^mr  average*  oi' Che  rel«i(aMraciei>ai«ploUc4  id  Fig.  I. 

irdie  l««ml  valac$ «rMmit  per  u>n  atwul  1 .70  are  taken  m  icpiemliDg  (M CMiMliaii  ml  imieii of cHidcnnr  of  artiKlioB cm  be  okataled  Ihtni 
the  te«l«*«r  bmrcht  per  im  and  applied  to  the  band*  per  wbaic  Mr)**;  thn  caa  be  applM,  in  lam,  tp  Ihc  cMdwf  m  aMNbcr.  to  pvc  cMiaialai  of  the  oil  which 
cooid  hate  lieca  olMMBcd  each  ynr  wiih  die  pmeal  cnideacy  of  eatncboa;  dmc  aie  ihowa  in  the  laM  eohiinn  of  the  laUe. 
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Goes  3.4  %  of  the  potential  sperm  oil  and  meal 
production.  However,  to  obtain  the  lower 
yield,  5.7  %  more  whales  have  to  be  caught 
each  year,  needing  correspoadingfy  more 
whaling  effort  and  therefore  at  greater  cost. 
How  much  more  effort  is  revealed  by  calcula- 
tion of  the  required  fishing  mortality  rates  (F). 
According  to  the  model  used,  MSY  (number) 
is  obtained  when  the  males  are  sustained  at 
32  %  of  their  "initial"  level,  and  females  at 
79  %;  the  corresponding  fractions  for  MSY 
(weight)  are  39  %  and  97  %.  The  fishing  mor- 
talities, correspondmg  to  these  levels  are 
shown  in  Table  2. 

Thus,  to  obtain  MSY  (number)  a  33  % 
higher  filing  mortality  must  be  caused,  re- 
quiring correspondingly  more  whaling  effort, 
than  to  obtam  MSY  (weight).  The  overall 
nominal  catch  per  unit  effoit  is  about  35  % 
higheratMSY  (weight)  thanatMSY  (number). 

The  small  advantage  in  prtxluction  to  be 
gained  by  adopimg  the  weight  cntenon  is  seen 
to  be  perhaps  the  least  of  its  advantages.  Be- 
cause the  aim  is  to  maintain  the  numbers  and 
biomass  of  the  stocks  at  relatively  higher  levels 
than  required  ior  the  number  cnienon,  the 
consequences  of  errore  in  assessments  can 
moie  easily  and  rapidly  be  corrected. 

The  IWC  has  taken  its  decision  in  favour 
of  numbers  "for  ihe  time  being".  However,  it  is 
obvious  that  whereas  a  shift  from  the  higher  to 
the  lower  stock  level  can  be  made  very  quickly, 
without  even  increasing  the  number  of  whal- 
ing expeditions,  the  transition  from  the  lower 
to  the  higher  level  by  growth  of  the  whale 
population  would  take  many  years,  even  if  in 
the  interim  there  were  a  complete  moratorium. 
If  the  recovery  rate  at  ea«h  stock  level  is  equal 


TaUel  Fbktag  Bortilitir 


Maka 

Females 

Both  sexes 

MSY  (No.) 

m 

.005 

.020 

MSY  (Wt) 

.073 

.001 

.013 

to  the  sustainable  F  at  that  level,  then  it  is  0.5  % 
per  year  at  0.79  of  initial  size  and  0. 1  %  at  0.97 
of  initial  size.  Taking  an  average  recovery  rate 
of  0.3  %  we  find  it  would  take  60  years  for  the 
females  to  recover  from  the  MSY  fnumbcr) 
level  to  the  MSY  (weight)  level  if  there  were  no 
whaling,  and  proportionately  longer  if  some 
whaling  were  to  continue.  The  males  would 
recover  from  32  %  toward  39  %  of  initial  level 
at  a  faster  rate,  but  ultimately  the  increased 
recruitment  of  males  is  based  on  the  recovery 
of  the  femtde.  It  must  be  remembered  further- 
more that  to  give  maximum  sustained  product 
yield  the  stocks  must  have  the  appropriate 
steady-state  age  and  size  composition  as  well 
as  the  appropriate  abundance.  Since  the  age  of 
social  maturity  of  males  has  been  taken  as  25 
years,  the  ages  at  recruitment  as  20  and  13 
years  for  males  and  females,  respectively,  and 
the  age  of  maturity  of  females  as  between  8.S 
and  10  years,  it  may  be  necessarv  to  add  sever- 
al decades  to  the  above  estimate  of  partial 
recovoiy  times. 

Tnu8»  from  the  p<iintofview  of  ultimate- 
ly having  a  sustained  and  efficient  industry 
for  sperm  whale  products  in  the  reasonably 
near  fliture,  based  on  thriving  Sonthem  Hem- 
isphere stocks,  the  decision  in  1976  to  permit 
nearly  1  000  females  to  be  taken  m  the  commg 
season  could  prove  disastrous  on  the  basis  of 
the  Sdentilic  CcMnmittee's  own  calculations. 

If  the  objective  really  is  to  secure  as  large 
a  sustained  industry  for  sperm  whale  products 
as  the  resources  can  support,  why  does  the 
IWC  reject  the  weight  criterion?  The  economic 
answer  is,  I  think,  clear  from  Clarke  (1976)  and 
Price  (1976),  as  well  as  from  other  economic 
studies:  the  industry  and  the  whalmg  nations 
discount  the  future  too  heavily  in  whaling 
plans  and  accounting.  If  one's  overwhelming 
interest  is  in  securing  agreement  on  as  big  a 
catdi  as  possible  next  season,  and  this  has  to  be 
done  with  a  regime  that  specifies  that  the  catdi 
must  be  sustainable,  then  one  will  always  opt 
for  the  number  criterion,  whatever  the  partic- 
ular levels  of  present  stodcs,  since  one  will  be 
permitted  thereby  to  catch  more  whales;  their 
average  weight  will,  that  year,  be  the  same  as  if 
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sexes) 


MSY  (Number)        MSY  (Weight) 
cnicnun  crilchon 


MtM)  6  3 

Sustained  8  7 

PftMedsd  4  8 


the  weight  criterion  -  in  the  very  short  term 
only,  of  course  —  a  greater  weight  of  catch  and 
hence  of  product.  Ihis  would  be  true  if  whal- 
ing were  to  be  based  on  quotas  related  to 
sustainable  yields  at  all  exuting  stock  levds. 


The  discrepancy  is  aggravated  by  the  various 
arbitrary  thresholds  between  the  ditlereni 
stock  categories,  as  Table  3  demonstrates. 


Conclusion 


Even  with  respect  to  industrial  produc- 
tion patterns  and  even  within  a  sustainable 
yield  rule,  the  objectives  of  the  present  whalh^ 
industrv'  arc  not  for  the  world  community  in 
the  long  run.  This,  together  with  the  question 
of  appropriate  discount  rates,  illustrates  the 
dilenuna  the  IWC  now  finds  itself  in  while  at- 
tempting 10  implonent  a  kmg-tenn  pdicy. 
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D.  J.  Tranter 


There  are  two  difTcrent  interpretations  of  the  pos'.ihilities  of  exploitation  of  living 
resources  io  the  Antarctic,  both  based  on  ibc  as^umpUon  that  there  exists  there  a  biocenosis 
depending  on  krilt  abundance  and  already  changed  lluough  the  reduction  of  baleen  whale 
stocks  by  man.  One  proposition  states  that  an  eqinlfliriuin  can  be  reached  allowing  the 
recovery  of  the  whale  slodcs  and  the  sustained  harvesting  of  them  and  krill.  The  other 
proposition  states  that  krill  harvesting  and  competition  from  other  species  may  prevent  the 
reooveiy  of  some  stocks  of  whales.  A  comparison  of  management  options  based  on  this  second 
argument  indicates  that  a  han'est  of  w  hales  and  krill,  the  option  most  likely  to  occur,  is  the  one 
least  likely  to  maximize  renewable  yield. 


II  existe  deux  difTirentes  interprftatiotts  des  possibilitis  d'exploitation  des  ressoutces 

\  ivantes  de  TAntarctique,  toutes  deux  fondees  sur  Thyptithcsc  d'une  bioccnose  dependant  de 
1  abondance  de  krills,  d^i  modifide  par  la  reduction  des  stocks  de  mysiic^tes  provoqu^  par 
lliomme.  Une  thtee  avanoe  qu*nn  iqnOlbre  peut  itre  atteint,  permettant  la  reprise  des  stodcs 
de  baleines  et  leur  exploitation  soutenue  ainsi  que  celle  des  krills.  D'apres  I'autre  th^e. 
Texploitation  des  krills  el  la  concurrence  d'autres  esptecs  peut  interdire  la  reprise  de  certains 
stodcs  de  baldnes.  Une  oomparaison  des  options  d'amteagemeat  basie  sur  oe  second  argu- 
ment indique  qu'une  exploitation  des  baleines  et  des  krills,  I'option  la  plus  probable,  est  l*iuic 
de  celles  qui  ofTre  le  plus  de  chances  de  maximiser  le  rendement  renoiivelable. 


Hay  dos  interpretaciones  diferentes  de  las  posibilidades  de  explotacion  de  los  rccursos 
vivos  dd  Aniirtico,  basadas  ambas  en  d  supuesto  de  que  existe  en  esa  zona  una  biooenosis 
que  dependede  la  abundancia  de  krill  y  que  ya  ha  sido  modificada  a  causa  dc  la  rcduccion  de 
las  pobladones  de  mistacooetos  debida  a  la  accion  del  hombre.  Una  de  las  interpretaciones 
afinna  que  puede  akanzarse  un  equilibrio  que  pennita  la  recuperacidn  de  h»  poblaciones  de 

ballena  y  la  exp!o(aci6n  sostenida  de  las  hallcnas  y  del  krill.  La  otra  interpretaciAn  afirma  que 
la  explotacion  del  khll  y  la  competencia  de  otras  especies  puede  impedir  la  recupcracion  de 
algunas  pobladones  de  ballenas.  COmparando  las  distintas  opciones  de  reguladAn  basadas  en 
este  scgundo  ;iruumcnto  se  concluyc  que  la  que  m;iv  Jincilmente  pcrmilira  aumcntar  al 
miiximo  el  rendimiento  renovable  es  la  expk)taci6n  contemporanea  de  las  ballenas  y  del  krill, 
que  consiitttye  la  opci6n  mis  probable. 


DJ.  Tranter 

Meurine  Ecosystems  Group,  Division  of  Fisheries  and  Oc&»nography.  CSIRO,  P.O.  Box  21, 
OmuiUa,  NSW223iK  AusmHa  359 
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From  the  mass  of  information  presented 
at  this  meeting,  two  divergent  propositions  can 
be  identifled,  whose  acceptance  leads  to  quite 
djlTerent  management  strategies  for  marine 
mammal  resources  in  the  Antarctic.  I'he  pur- 
pose of  this  paper  is  to  examine  briefly  the 
scientific  logic  on  which  they  are  based,  iden- 
tify the  point  at  which  they  diverge,  and  assess 
the  management  options  mat  follow  fiom  one 
of  those  propositions. 

The  common  sequence  of  arguments  on 
which  both  propositions  aie  based  would  ap' 
pear  to  be  the  following: 

—  The  total  biomass  of  Antarctic  baleen 

whales  is  now  muLh  less  than  it  was  50 
years  ago  (ACMRR,  1976;  GuUand, 
1976;  SCO-SCAR,  1976). 

—  During  this  period  several  of  these  spe- 
cies and  others  which  share  the  same 
tbod  resource  (kriJl)  (notably  crabeater 
seals),  underwent  important  changes  in 
reproductive  biology  such  as  a  marked 
decrease  in  age  at  first  maturity  (Gam- 
beU,  1976;  ACMRR,  1976a;  Lockyer, 
1972). 

—  This  suggests  that  krill  abundance  may 
have  been  an  important  limiting  factor 
in  the  canying  capacity  of  the  environ- 
ment, and  that  the  withdrawal  of  large 
numbers  of  baleen  whales  from  the  knll 
biocenosis  has  increased  the  potential 
for  increase  in  those  populations  which 
feed  on  kriU  (ACMRR,  1976,  a;  Gul- 
land,  1976;  Gambell,  1976). 


At  this  point,  ihc  arguments  diverge: 

aj  The  populations  ot  depicted  stocks  of  balccn  whales 
will  probably  increase  if  whaling  pfcanife  b  icduoed 
(ACMRR,  1976;  Allen.  1976). 

Thte.  But  so  mil  the  populalions  of  all  other  species 
in  the  krill  biocenosis  (sqtdd,  fish,  hirds.  seals,  etc) 
(ACMRR,  1976b). 

b)    This  increase  will  probably  lead  evcnluaily  to  a  ronn 
of  recomy  M.,  Bumben  wiO  iDCKaae  vntil  m  equil^ 


hrium  is  established  at  the  carrying  capacity  of  the 
envirnnment  (Ciulland,  1<)76:  Allen.  1976). 

Recovery  may  hai!';  t^ui  ihis  will  he  shortlived.  The 
smaller  .\peetex  in  the  knll  hiucenosis  will  have  faster 
specific  rates  of  growth  (May,  1976)  than  the  laree 
oaleen  whales,  neir  total  biomass  will  increase  at  the 
expense  of  thiu  efb^em  whales. 

c)  Some  harvesting  of  krill  may  take  place  without  pre- 

judiLC  t(i  the  recovery  ofthe  stinks  ofbaleen  whales. 
Krill  harvesting  will  lower  liir  eiirrrmi;  i  uiuhiiy  oJ 
the  krill  biocenosis.  Those  eleiucms  ni  the  hiucenosis 
with  the  fewest  numbers  will  he  ai  a  thsadyaniage. 

d)  An  equUibfitun  can  be  leached  ai  which  the  yield  of 
krill  and  baleen  whales  will  be  near  the  optimum 

(lIotAv.Kxl, 

.1;  t  ifuihbruini.  ihe  numhcrs  of  Iwlft  n  h  IuiIc  in  some 
stocks  may  /><■  /('"  A'h  fiir  ihcir  pcniiancnl  \iir\tval 
(May,  I97t),  e.g.,  one  or  more  of  the  humpback 
staacs. 

If  the  second  proposition  should  prove 
to  be  the  stronger,  it  would  follow  that  mana- 
gement decisions  should  be  based  upon  the 
krill  biocenosis.  In  particular,  since  the  present 
biomass  of  crabeater  seals  in  the  Antarctic  is  of 
atit  same  order  as  that  of  the  present  biomass 
of  baleen  whales  (SCOR-SC  AR,  1976; 
,A("MRR,  1976a),  there  is  a  case  tor  consider- 
ing not  only  the  joint  exploitation  of  krill  and 
whales  (Horwood,  1976)  but  a  joint  krill/ba- 
leen  whale/crabeater  seal  s^rtem.  The  follow- 
ing management  options  are  available,  ar- 
ranged in  order  of  their  likehhood  of  maxi- 
mizmg  the  yield  on  a  renewaUe  basis  from  all 
components  of  this  system. 

(i)  Harvest  seals 

(ii)  No  harvest  of  seals,  krill  (mt  whales 

(iii)  Harvest  seals  -\-  knll 

(iv)  Harvest  krill 

(v)  Harvest  whales  +  seals 

(vi)  Harvest  whales 

(vii)  Harvest  whales     knll  +  seals 

(viii)  Harvest  whales  +  krill 
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It  is  therefore  distressing  to  contemplate 
that  what  could,  perhaps^  be  the  least  desirable 
option  of  all  (viii)  is  the  very  one  whkh,  on 
/mswfir  indications  (FAO,  J 976),  is  most  likely 
to  evmttuue  in  the  near  figure.  It  would  seem  to 


be  a  useful  function  of  this  meeting  to  draw 
attention  to  this  possibility  and  to  recommend 
what  oould  be  better  optioiis  from  a  biological 
point  of  view. 
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ON  THE  JOINT  EXPLOITATION  OF  KRILL  AND  WHALES 

J.W.  HORWOOU 


Abstract 

A  simple  nioilcl  of  ihc  joint  c."xpl()itatit)n  t)f  krill,  Euphausia  superba,  and  balccn  whales 
in  the  AnlarLlii;  where  ihe  whales  Iced  on  the  krill.  is  constructed,  using  difTercnt  equations  of 
logistic  growth  functions  and  oolUtadt  predation  and  reproductive  rates.  From  the  resulting 
equilibri  1  viiluc-  tifKlcr  \  arious  constant  rates  of  fishinji.  it  shown  that  whales  decrease  in 
abundance  with  cxpU»iiaiion  ofkrill  but  nut  so  much  as  when  the  whales  are  harvested  directly 
and  that,  to  a  far  lesser  extent,  bill  yields  are  reduced  by  tfie  presence  of  whales.  With  a 
maximum  fishing  mortality  riic  nfkri!!  (fn/?.  the  total  yield  in  weight  is  greatest  when  whales 
have  been  exterminated  and  only  knll  u>  harvested;  if  whales  are  ten  times  more  valuable  than 
krtd.  (he  yield  is  greatest  when  mostly  krill  are  harvested  but  whales  are  allowed  to  persist  and, 

if  wh.ilcs  are  worth  100  times  moie  than  kn!I  uhcn  ;i  substantial  har%'cst  of  whales  is  taken. 
Thus,  there  may  be  a  conflict  of  interest  between  separate  fisheries  for  krill  and  whales  and  it 
WDuM  be  best  if  thqr  were  managed  together. 

Rdsumi 

IJn  module  simple  d'exploitation  conjoinle  des  knlls.  F.tipluiusia  superha,  et  des  my- 
sticctes  dans  rAntarcli()ue  ou  les  baleines  se  nourrissent  de  khil  est  constniit  en  utilisant 
diffiSrentes  Equations  de  fonctions  logistiqucs  de  croissance,  de  pridation  constante  et  de  taux 
dc  reproduction.  D'apr6s  les  valeurs  d'equilibre  qui  en  rcsullent  avee  divers  taux  constanis  de 
peche,  on  montre  que  Tabondance  des  baleines  diminue  avec  Pcxploitation  du  kiill  mais  pas 
autant  que  lorsque  les  baleines  sont  exploit^es  directement  ei  que.  dans  une  mesure  nettement 
inferieurc,  les  rendemenis  dc  krill  sont  rcduits  par  la  priSi  iu\  Jcs  baleines.  Avec  un  taux 
maximal  de  mortality  par  capture  des  krills  de  0,3,  le  rendement  total  en  poids  est  le  plus  iiswi 
quand  ks  baleines  ont  M  extermintoi  et  quand  on  n*exploite  que  les  krills;  si  les  baleines  sont 
dr\  fois  plus  pr^cieuses  que  les  krills.  le  rendement  est  le  plus  grand  quand  on  exploite  surtout 
Ics  krills  mais  quand  on  laissc  subststcr  les  baleines  ct,  si  les  baleines  valent  100  fois  plus  que 
les  krills,  quand  une  quantity  substantieOe  de  baleines  est  caplurte.  n  peat  done  exister  un 
conflii  d'int(^rcLs  enire  les  pccheries  distinctesdekrillseidebaleinesetilsenutavantag^uxde 
les  exploiter  ralionneUemenl  ensemble. 

Se  presenta  un  modelo  sendllo  para  la  explotaci6n  conjunia  de  krill  (Euphausia  super- 
ha) y  mislactxretos  en  el  .Antartico,  donde  las  ballena.s  .se  alimentan  de  krill,  utilizando 
diferentes  ecuadones  de  fundones  logisiicas  de  creamienio  c  indices  consiantcs  de  deprcda- 
ci6n  y  reproduficiAa.  Los  valores  de  equilibrio  resoltantes  ooo  varios  indices  coostantes  de 
explotaci6B  muestran  que  las  baOenas  disminuyen  en  abundanda  si  se  explota  el  krill,  pern  no  363 
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tanto  como  cuando  se  explolan  directamente  las  ballenas,  y  miiestran  ademds  que.  en  medida 
mucho  menor,  el  rendimiento  del  kiill  se  ve  reducido  por  la  picsencia  de  ballenas.  Con  una 
mortalidad  mixiina  del  krill  (por  pesca)  dd  0,3,  el  lendlmienlo  total  en  peso  es  mayor  si  se  han 
exterminado  las  ballcna';  \  siMo  so  explota  el  krill  Si  las  ballenas  son  diez  veces  mds  valiosas 
qne  el  kiiU,  el  rendimiento  cs  mayor  cuando  se  explota  sobre  lodo  el  krill  pero  se  permiie  que 
sttbsntan  las  ballenas,  y  si  las  balleoas  son  100  veoes  mis  valiosas  que  el  krill,  cuando  se 
explotan  dstas  en  forma  sustancial.  Asi  pucs,  pucdc  habcr  un  conflicio  de  interescs  cntre 
pesquerias  separadas  de  krill  y  ballena,  y  seria  mejor  regular  su  explotadbn  oonjunumente. 
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latrodiaction 


The  history  of  large  scale  commercial 
fishing  shows  a  pattern  of  heavy  exploitation  of 
a  spedes,  followed  by  its  detiine,  and  fhe 
switching  of  fishing  e^ort  on  to  new  species. 
More  recently  this  redirection  of  efTort  has 
been  forced  onto  the  industries  by  management 
poUdes  designed  both  to  protect  stodn  and  to 
achieve  maximnm  sustained  yields.  The  new 
fisheries  being  investigated  include  that  for 
Antarctic  krill  {Eiwhamia  superba). 

Estimates  oftotal  wofla  potential  marine 
fish  catches  are  of  the  order  of  100  million 
tons  (FAO,  1974)  and  the  estimated  yield  from 
krill  is  considered  to  be  between  100  and  200 
minion  tom^  ficm  a  stan^]^  slock  of  between 
800  and  5000  million  tons.  It  is  clear  that 
krill  provide  an  important  potential  fishery. 
Already  Japan  and  the  USSR  have  fleets 
experimentally  exploiting  this  fcsonroe  and 
many  other  countries  liave  been  involved  in 
commercial  studies 

However,  krili  are  also  utilised  by  the 
Antarctic  baleen  whales  wliiGii«  in  torn,  are 
subject  to  exploitation  by  the  whaling  fleets 
This  is  another  example  of  mixed  fishery 
(Pope,  1976),  with,  in  this  case,  expioilaiiun  of 
both  predator  and  jxcy.  This  study  considers 
the  jomt  eiqdojtation  of  a  predator  and  its  prey 


and  the  relative  yields  that  can  be  obtamed 
fixmi  different  fishing  strat^es. 


Mediod 


If  no  predation  or  exploitation  occurs  on 
the  krill  then  their  dynamics  may  be  repre- 
sented by  the  familiar  logistic  equation  such 
that 

dz/dy-iz(l  -z/KX 
where 

z      is  the  amount  of  bill  in  millions  of  tons, 

r      is  the  instantaneous  rate  of  increase  ob- 
served at  low  z,  and 

K     is  the  canying  capadty  of  the  environ- 
ment 

Predation  occurs  by  the  exploited  whales 

and  also  by  seals  and  other  whales  and  this 
must  he  incoq^o rated  into  the  model  along 
with  fishing,  giving 

dz/dt  -  iz(l-z/K)-awz-bz-Fi£, 
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where 

w  is  the  amount  of  whales  in  millions  of 
tons, 

a  is  the  instantaneous  piedatiDn  nUe  of  the 
whales, 

b  isthemstantaneottspiedatimmteofthe 
other  piedaton  multiplied  by  their  aver- 
ts baomass,  and 

F|  is  the  instantaneous  &hing  mortaUty 
rate  on  the  kiilL 

Values  for  some  ol  these  parameters 
may  be  esthnated  from  the  PAO  report  (FAO, 

1974).  If  the  standing  stock  is  considered  to  he 
between  8C)0  imd  5  000  million  tons  then  the 
carrying  capacity  must  be  somewhat  above 
this  and  so  a  value  of  K  «  10*  million  tons  is 
probablv  reasonable.  If  the  consumption  of 
seals  is  ab{>ut  250  million  tons  with  a  standing 
stock  of  knll  5  X  10'  tons  then  b  ^0.05.  To 
give  reasonable  yields  to  the  whale  stock  a 
must  be  10  ■*  approximately,  but  this  is  only 
justifiable  in  light  of  the  model  for  the  whale 
population  discussed  below.  F,  will  be  varied 
and  r  is  arbitrarily  set  at  1.0. 

The  whale  population  dynamics  can  be 
similarly  expressed  with  a  logistic  growth 
function  and  a  constant  fishing  rate,  such  that 

dw/dt  -  r»W  (1  -  w/K*)  -  FjW. 

where 

r'  Is  the  instantaneous  rate  of  increase  of 
the  whales  at  low  w, 

K'  is  the  carrying  capacity  of  the  envuon- 
ment,and 

F,  is  Uie  instantaneous  fishing  mortality 
rate. 

Assuming  that  the  ratio  of  the  standing 
sUxIgb  is  about  equal  to  that  of  the  loss  rates 


from  the  two  trophic  levels,  the  value  for  K' 

may  be  guessed  by  considering  the  ecological 
efficiency  (a)  from  one  trophic  level  to  the 
next.  Although  Gushing  (1975)  has  shown  that 
this  varies  seasonally,  a  value  of  10  per  cent  is 
accepted  here;  hence  K  =  a  z  where  a  =  0.1. 
The  rate  of  increase  (  r')  is  smaller  than  that  for 
krill  and  a  figure  ol  r'  =  0.05  has  been  chosen, 
similar  to  that  used  in  recent  sei  whale  assess- 
ments.  Incorporating  ^e  formulation  for  K' 
leads  to  the  new  equation 

dw/dt  «  rV  (I  -  w/az)  -  F,w 

Thus  the  predator-prey  and  exploitation 
model  has  been  formulated  but,  because  of 
seasonal  nature  of  both  predation  and  ex- 
ploitation, they  are  better  expressed  as  differ- 
ence equations  and  hence  they  become 

Z.^,-Z,-KrZj(l-Z./K)-aw^.-bZ-F^....(l) 
and 

w,*,  =  w,  +  r'w.Cl  -  w/«     -  F,w, . . ,  »(2) 


Remits 


The  equilibrium  states  for  the  two 
equations  are  given  by 

z  =  (r-b-FJ/((r/K)+ao(l-Fi/r') 

and 

w»  aZ(l  -F/r') 

It  can  be  seen  that  for  whale  stocks  to 
exist  F]  must  be  less  than  r',  that  is,  the  instan- 
taneous fishing  mortatity  rate  must  be  smalls 

than  the  maximum  rate  of  increase.  Further, 
for  the  equations  to  be  considered  valid,  the 
equihbnum  solutions  should  be  stable  to  small 
perturbations.  May  (1973)  describes  techr  365 
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niqucs  for  tCStiiig  the  local  stability  of  dif- 
ference equations.  If  we  use  these  techniques, 
the  solutions  prove  stable  for  the  range  of  F, 
and  F]  ooiuudered  in  this  study  and  the 
other  parameter  values  previously  defined. 

Figs,  la  and  lb  show  the  equiUbrium 
values  of  z  and  w  for  different  fishing  rates.  In 
Fig.  la  it  is  shown  that  krill  increases  with 
increased  exploitation  of  whales  and  the  con- 
sequent reduction  in  predation.  Khll  itself  de- 
creases as  exploitation  on  it  increases.  Fig.  lb 
shows  the  converse  situation  with  the  whale 
stocks  decreasing  with  exploitation  of  krill,  but 
the  efTect  is  less  noticeable  since  exploitation 
on  the  whales  greatly  decreases  their  standing 
siodc. 

The  total  yields  from  both  krill  and 
whales,  calculated  as  F|Z  +  FjW,  are  shown  in 
Fig.  2a.  A  maximum  of  30  per  cent  exploita- 
tion of  krill  has  been  assumed  because  of  the 
difficulties  inherent  in  the  fishery,  and  conse- 
quently only  a  range  of  F,  of  between  0  and  0.3 
has  been  considered.  Within  this  range  yields 
incfcase  rapidly  as  exploitation  of  krill  in- 
creases, and  reach  a  maximum  when  whaling 
has  extenninated  whales.  This  is  consistent 
with  dbc  Imo^viedge  Uiat  greater  yields  can  be 
obtained  tlie  lower  down  the  trophic  level 
harvesting  occurs. 

While  this  may  be  true  for  yield  by 
weight,  it  is  not  necessarily  so  eoononucaUy; 
maricets  tend  to  pay  proportionately  more  for 
liixiin,  foods  from  the  higher  trophic  levels. 
Whales  may  not  be  classiiled  as  a  luxury  food 
but  weight  for  weight  they  are  better  valne 
than  krill,  at  least  at  present  One  advantage  of 
the  whale  is  that  it  has  already  searched  out  the 
khll  and  concentrated  it  in  growth,  and  so 
yield  per  unit  of  effort  may  be  an  order  of 
magnitude  greater  in  the  whaling  industry. 
Fig.  2b  illustrates  the  relative  financial  returns 
against  different  levels  of  fishing  for  whales 
imere  Htuar  vahie  is  10  times  that  of  krill  ton 
for  ton.  Fig.  2a  can  be  regarded  as  the  same 
illustration  with  whales  and  krill  having  a 
similar  economic  value.  From  Fi|.  2b  it  can  be 
seen  that  the  harvest  from  krill  still  dominates, 
althoagb  better  economic  yields  iiie  obtained 
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Fko.  I.  -  EquOibrium  values  of  (a)  Z  (krill)  for  diflemt 
bMlantaneons  fkhing  mortality  rates  of  krill  (F|)  and  whales 

(Fj).  values  in  tons  X  10  «;  and  (b)  W  (whales)  for  difTerent 
instantaneous  fishing  mortality  rate  of  krill  (F|)  and  whales 

(Fa),  vifeies  in  ioas  x  10-*. 
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Flo.  2.  -  (a)  Toul  yield  fiofn  krill  and  whales  cakvlated 

as  F,Z  +  FjW  in  tons  x  10  * 

(b)  Relative  tolal  cconomit  vickl  lakulaicd  as 

r-,/  +  M)  I-2W, 

(c)  Relative  tolal  economic  yield  calculated  as 
F|Z  +  100  K^W. 

The  dotted  line  is  wliere  whales  provide  SO  % 
of  die  total  eoonomic  catch. 


if  whales  are  allowed  to  persist.  However,  a 
ratio  of  10:1  is  likely  to  be  a  gross  underesti- 
mate and  a  factor  of  100:1  may  be  more  rea- 
sonable. The  effect  of  such  a  ratio  is  shown  in 
Fig  2c.  The  situation  has  now  been  draslicaUy 
altered,  it  being  necessary  to  exploit  the  whale 
slocks  in  sudi  a  way  as  to  adiieve  substantial 
returns.  From  all  the  results  it  is  clear  that  a 
potential  conflict  of  interests  might  occur  if  the 
two  industries  operated  independently:  both 
would  oeitainly  profit  by  die  other's  not  exist- 
ing. 


The  model  presented  in  this  study  is  a 
sim^  predatof'^Mey  syslon  with  e]q>lmtation 


of  both  predator  and  prey.  If  yield  in  weight  is 
considered  as  the  sole  criterion  lor  exploitation 
of  the  system,  then  obviously  maximum  yields 
may  be  taken  from  harvesting  the  prey  species 
and  minimizing  predator  numbers.  However, 
the  separate  industries  are  based  upon  maxi- 
mizing their  independent  economic  yield  and, 
if  the  predator  is  substantially  more  valuable 
than  the  prey,  then  a  balance  between  the  ex- 
ploitation of  both  species  has  to  be  achieved  in 
order  to  maximize  total  economic  yield.  The 
model  presented  here  illustrates  this  feature.  It 
is  a  simple  model  and  undoubtedly  can  be 
improved;  but  1  suspect  that  the  (jualitative 
results  will  not  change.  The  quanutative  re- 
sults are  based  on  best  guesses,  some  of  which 
may  be  bad.  and  the  quantitative  nature  of 
the  results  should  not  be  reUed  upon.  What 
the  modd  demonstrates  is  that  the  economic 
criteria  of  the  fisheiy  have  important 
consequences  for  its  management 

It  may  be  argued  that  with  the  great  re- 
duction of  the  Antarctic  whales  there  is  much 
surplus  krill  in  the  ocean  and  that  this  may  be 
harvested  without  detriment  to  the  whale 
stocks.  Two  coimter  aigimients  to  this  point  of 
view  are  given  here.  First,  the  amount  of  Ibod 
available  to  the  protected  whale  species  would 
be  reduced  by  harvesting  the  krill  and  the  al- 
ready slow  rale  of  recoveiy  of  the  whale  spe- 
cies might  be  furdier  slowed  down.  Second,  if 
the  whale  populations  showed  no  functional 
responses  to  exploitation  then  harvesting 
would  not  be  possible.  As  it  is,  the  whales  do 
respond  with  a  decrease  in  the  age  at  maturity 
and  an  increase  in  the  pregnancy  rate  of  ma- 
ture females.  It  is  these  responses  that  allow 
exploitation  without  dnvmg  the  stocks  to  ex- 
tinction and  one  explanation  of  the  increased 
reproductive  rate  may  be  the  increa.scd  per 
capita  food  supply.  Consequently,  it  may  be 
argued  that  at  least  some  of  the  excess  krill  is 
already  being  harvested. 

These  points  emphasise  the  purpose  of 
this  study  which  is  to  demonstrate  that  the 
management  of  the  krill  and  whak  lisheries 
will  be  difficult,  needing  to  take  into  account 
the  economic  aspects  of  harvesting  and  the 
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biological  interactions  between  the  species. 
Since,  as  recently  pointed  out  by  FAO's  Advi- 
sory Committee  on  Marine  Resources  Re- 
search (ACMRR  (FAOX  1976),  some  of  the 
baleen  whales  are  almost  completely  depend- 
ent on  Antarctic  krill,  the  whale  stocks  could 
not  but  be  adversely  affected  by  exploitation 
of  krill,  especially  as  there  is  no  alternative 
food  source  of  sufficient  extent  and  concen- 
tration. Conversely,  but  to  a  far  lesser  extent. 


the  yields  from  the  krill  fishery  will  be  reduced 
by  the  presence  of  whales.  At  present  Antarctic 
whale  atodts  are  low  but,  if  protection  methods 
are  successful,  then  it  is  to  be  hoped  that  they 
will  increase  substantially.  Because  the  two 
fisheries  are  interdependent  and  their  in- 
terests may  conflict,  they  should  be  considered 
together ror  management  purposes.  It  is  hoped 
that  this  study  will  further  the  interest  in  this 
problem. 
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THE  WHALING  MUSEUM  AS  A  DATA  SOURCE  FOR  WHALE 
POPULATION  STUDIES:  PROBLEMS  AND  RESPONSlBILrnES 


KJL  Martin 


Abatnact 

Whaling  museums  and  libraries  contain  records  of  at  least  25  percent  of  the  voyages 
made  by  Yankee  whaling  vessels,  mostly  in  logbooks  and  journals.  Entries  on,  for  example, 
spedes  enootuitered  and  taken,  wliale  behaviour,  weather  and,  occaskmally,  the  oil  yield  per 
whale,  can,  with  more  recent  data,  provide  information  on  the  history  of  the  fisheries,  including 
the  initial  size  of  the  population  exploited:  studies  of  this  sort  have  been  or  are  being 
oondncied  on  fisheries  for  the  Cafiferaia  gray  whale,  the  bo«4iead  whale  and  the  sperm  whale. 
Useful  information  is  aUo  available  in  business  records  and  accounts,  so  far  little  used.  It  is 
important  for  biologists  tu  work  closely  with  museum  or  libraiy  staff  in  order  to  avoid  wrong 
asBumptioos  about  (he  nature  of  the  fishery  and  to  choose  reseaRhen  best  qualified  to  work 
with  the  manuscripts.  One  limitation  of  the  use  of  logbooks  and  journals  is  the  assumption  that 
whale  movements  were  the  same  in  the  19th  century  as  they  are  today;  another  diillculty,  the 
whereabouts  of  ships  for  which  no  logbook  or  journal  is  available,  can  be  partly  sohwd  by 
using  references  in  other  sources.  Museutns  and  libraries,  and  private  collectors,  are  mainly 
interested  in  collecting  and  conserving  records  rather  than  in  research  using  them.  The 
resouioes  Aw  such  studies  must,  therefore,  oome  from  outside  the  collections;  adequate 
fjnandng  and  ooordinatioD  of  ail  studies  are  important  to  obtaining  useful  results. 

Les  musses  de  la  chasse  k  la  baleine  et  les  bibliothdques  contiennent  les  traces  Writes 
d*av  moins  25  pour  cent  des  voyages  cfTectufs  par  ks  baleiniers  Yankee  surtout  sous  forme  de 

livrcs  Je  txird  ct  de  joumaux  1  c  notes  sur.  par  exemple,  les  esp^ccs  rctKontrces  lI  capturdes, 
Ic  comportcment  de  la  baleme,  ie  temps  ei,  occasionnellement,  le  rendemeni  d'huUe  par 
bateine  peuvent,  avec  les  donnto  phis  rtcentes.  foumir  des  informations  sur  rbistoire  des 

pcchcs,  y  compris  la  tailic  inilialc  de  la  population  cxploildc:  des  etudes  de  ce  type  ont  etc-  ou 

sont  elTectuees  sur  la  peche  de  la  baleine  grise  dc  Califomie,  de  la  baleine  du  Grocnland  ci  du 
cadiatot.  On  trouve  aussi  des  infbrmations  utiles  dans  les  archives  et  la  oomptabiUte  com- 

merciales  qu'on  a  si  pcu  ulilis6cs  jusqu'ici.  II  est  inip.^rtant  pour  les  hioKipistes  de  travailier  en 
contact  ^troit  avec  le  personnel  du  mus^e  ou  de  la  biblioiheque  pour  ^viter  les  hypotheses 
erronto  sur  la  nature  de  la  pMie;  il  importe  aussi  de  choisir  les  chercheun  les  mieux  qualifies 
p<iur  le  travail  sur  manu.scTits.  Une  des  limitations  de  I'eniploi  des  livres  de  bord  et  des 
joiunaux  reside  dans  I'bypoth^  que  les  ddplacements  des  baleines  dlaient  les  m^mes  au  19* 
sUcle  qu  'aujourd'huL  Une  autre  dtfflcult^,  remplaoement  des  bateaux  pour  lesquels  il  n^existe 
ni  livres  de  bord  ni  joumaux.  pent  fitre  r^solue  en  partie  par  des  r^f^rences  a  d'autrcs  s<^>urces. 
Les  musses,  les  bibliotb^ues  el  les  ooUcciicmneurs  privis  s'intiressent  avant  tout  au  rassem- 
Uoneat  et  i  h  oonaervation  des  piioes  piutot  qu'i  hi  rechctdie  qui  les  utilise.  Les  vessomoes  369 
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pour  Ces  itudes  doivent  par  consequent  vcnir  du  dehors;  il  est  important  d'assurer  le  finan- 
oemeat  et  la  coordination  dc  loutes  ies  Etudes  si  I'on  veui  obtenir  des  r^sultats  utiles. 

Los  museos  y  bibliotecas  balleneras  oontienen  datos  prindpalmente  en  cuademos  de 

bitau)ra  y  diaries  de  bordo,  sobre  al  menos  un  25  per  ciento  de  los  viajes  hechos  por  balleneros 
yanquis.  Combinando  los  datos  asi  obtenidos  sobre  las  especies  encontradas  y  capiuradas,  el 
oomportamieiilo  de  lat  baUeoas,  d  tiempo  y,  en  algunas  ocasiones,  el  rendimiento  en  aceite 
porballcna  con  Otros  datos  mis  maentes,  es  posible  conseguir  inforniaci6n  sobre  la  historia  dc 
la  explotacion  e  indtiso  sobre  d  volumen  inicial  de  la  poblaci6n  explotada.  Se  han  hecho  o 
estdn  haciendo  estudios  de  este  tipo  sobre  la  caza  dc  ballena  gris  de  California,  ballena  de 
cabeza  aiiqiieadaycadiak>te.Tambien  sc  encuentra  informacidn  litil  en  archives  y  contabi- 
lidades  comcrciales  pocn  aprovci  hiufos  hasta  la  fccha.  F_s  imp<irlanle  que  los  biologos  tra- 
bajen  en  eslrccha  colaboracion  con  cl  personal  de  los  museos  o  bibliotecas.  para  cvitar  parlir 
de  hip6tcsis  falsas  sobie  la  naturaleza  de  la  explotacidn,  y  que  los  invcsiigadorcs  cstdn 
debidamente  calificados  para  trabajar  con  manmcritos.  Una  de  his  limitaciones  del  uso  de  los 
cuademos  de  bit^Ux>ra  y  los  diahos  de  bordo  es  la  suposicion  dc  que  los  movimientos  de  las 
biallenas  eran  ignales  en  el  agio  XIX  y  hoy;  d  problema  de  los  movimientos  de  los  baicos 
sobre  los  que  no  existcn  cuademos  dc  bitacora  o  diaries  de  bordo,  pucde  resoiverse  en  parte 
utilizando  referencias  contenidas  en  otras  fuentes.  Los  museos  y  bibliotecas.  y  los  cuicccioni- 
sias  priyados,  se  interesan  principabnente  por  recoger  y  cooservar  documentos,  mis  que  por 
hacer  invcstigaciones  sobre  ellos.  Los  recursos  para  estas  invcstiL:ai.irincs.  pues,  hahran  de 
buscarse  en  oira  parte.  Para  obtencr  resullados  utiles  es  imporlanlc  dispuncr  de  Hnanciacidn 
adecuada  y  coontiaar  todos  los  estodioi. 


K.R.  Martin 

The  Kendal  Whaling  Museum^  Sharon,  MA  02067,  USA 
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For  decades,  whaling  museums  and  li- 
braries in  the  USA  have  been  accumulating 
hundreds  of  impoitant  primary  manuscripts 
Most  notable  of  these  are  period  whaling  log- 
books and  whalemen's  Journals.  Although 
Lieutenant  M.F.  Maury's  celebrated  study 
(Maury,  1835)  made  creative  use  of  whaling 
accounts  and  pointed  the  way  for  subsequent 
reaeaidi,  these  documents  have  attracted  little 
serious  attention  until  latelv  (Hohman,  1928). 
This  paper  discusses  the  value  of  North  Amer- 
ican manuscrqit  collections  as  indicalon  of 
whale  populations. 

About  14  000  whaling  voyages  were 
made  by  Yankee  vessels,  and  records  of  at 
least  25  %  of  these  remain  in  museum  or  fi- 
hrary  collections,  enough  to  give  a  representa- 
tive sampling  of  hunted  stocks  on  every  nine- 
teenth century  whaUng  ground  (Sherman, 

ms). 

The  plenitude  of  statistically  reliable 
whaling  manuscripts  is  a  by-product  of  the 
trade's  peculiarities.  Most  voyages  were  long 
and  characterized  by  idleness.  Bmedom  ap- 
parcntlv  promoted  painstaking  journalism. 
Experienced  crew  members  were  often  work- 
ing their  way  toward  a  command.  They  kept 
reference  accounts,  similar  in  format  to  official 
logbooks,  as  did  established  officers,  .since 
much  whaling  expertise  was  a  matter  of  busi- 
ness secrecy  and  experience  (Sherman,  1965). 
The  format  of  these  documents  is  standardiz- 
ed, convenient  for  researchers,  and  includes 
daily  weather,  navigational  and  whale  beha- 
viour data.  Nfany  are  illustrated  with  whale 


'  Major  ooOectioitt  may  be  fbund  at  die  WhaUng  Mu- 
seum and  New  Bedrord  Five  PutiUc  Library,  bolh  in  New 
Bedford.  Massachusetts:  the  Nicholson  Whaling  Collection, 
Providence  Public  L  ibra.'"*  Providence,  Rhode  Island;  the 
Kendal  Whaling  Mitscuni,  Sharon.  MassachiiscUs;  Mystic 
Seaport.  Mystic,  Connecticut;  the  Naniuckci  Whaling  Mu- 
seum. Nantucket,  Massachusetts;  the  Dukes  County  Histori- 
cal Society,  Edgartown,  Ma.ssachusetts.  A  major  microfilm 
reposiloiy'  is  located  at  the  Interaational  Marine  Arehtves, 
Inc:.,  Nantucket.  Another,  the  PaeiBc  Mannacripls  Bureau, 
Australian  National  Univefsity,  Canberra,  maintains  a  grow- 
ing microfilm  collection  of  New  England  logbook  journals 
which  Includes  many  of  the  museum  collections  listed  above. 


symbols  that  enable  a  scholar  to  read  at  a 
glance  the  species  involved,  the  outcome  of  an 
encounter,  and  occasionally  the  oil  yield  per 
whale.  A  systematic  study  d  soch  matenal, 
integrated  with  more  recent  data,  can  shed 
light  on  a  number  of  population  questions.  For 
example,  a  noticeable  decline  in  whale  size 
(based  on  oil  yield)  over  a  measured  period 
might  suggest  overfishing  of  the  grounds  con- 
cerned —  provided  the  migratorv  routes  of  the 
animals  are  known,  and  no  behavioural  causes 
of  scarcity  are  involved.  (These  are  matten  not 
covered  by  period  sources.)  In  view  yf  current 
diivcussions  about  "initial  stocks"  ot  sperm 
whales,  primary  sources  of  the  subject  would 
seem  to  be  vital  (SJ.  Holt,  pers.  comm.,  1976). 

The  Umitations  of  logbooks  and  journals 
should  be  noted.  Documents  should  be  studied 
in  the  light  of  specilic,  regional,  whale  stocks,  a 
process  which  presumes  that  in  1830  whale 
movements  were  much  the  same  as  in  1860, 
1890,  or  today.  Researchers  working  on  a  spe- 
cific whale  stock  may  trace  the  movement  of 
animals  from  ground  to  ground,  plotting 
changes  in  biomass  (ba.sed  on  oil  tally),  and 
numbers  against  hunting  activity.  But  while  a 
lairly  accurate  annual  whaiesliip  and  cargo 
roster  is  available,  it  is  often  difficult  to  learn 
the  seasonal  whereabouts  of  a  whaler  for 
which  no  logbook  or  journal  has  survived  ". 
On  which  grounds  did  such  a  vessel  get  her 
whales? 

Sonic  help  can  be  obtained  from  other 
ship's  logs  or  journals.  When  one  whaler 
crossed  another's  path,  it  was  customary  to 
exchange  reports  of  cargo,  and  log  the  en- 
counters. A  single  logbook  or  journal  will, 
therefore,  often  reveal  the  names  and  fortunes 
nearby  vessels.  In  addition,  seasonal  whal- 
ing reports  in  such  newspapers  as  The  Friend 
(Honolulu)  or  The  Whalemen's  Shipping  List 
and  Merchants'  Transcript  (New  Bedford) 
carried  informaticm  on  vessels  on  the  groimds. 


-  A  remarkable  manuscript  which  i  ;  .  c  ,  ipproximaic 
abstracts  of  American  whalcts'  scawnal  whci  cu1h)uIs  is  Dennis      ^_  . 
Wood*!!  (Wood.  MS,  183 1-73).  37 1 
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Judicious  integration  of  manuscript  references 
to  ship  spoken,  abstracts  of  voyages,  and 
shipping  news  can  go  a  long  way  toward  de- 
termining relative  whale  population  dynamics. 

The  foregoing  limitations  have  shaped 
the  course  of  manuscript  research  to  date.  D.A. 
Henderson's  resourcetul  use  of  statistics  on 
QdifomUl  gray  wballng  enabled  him  to  make 
a  persuasive  case  that  initial  stocks  of  grays 
and  their  predation  by  Yankees  have  been  his- 
torically overestimated  and  that,  under  pro- 
tection, the  gray  whale  population  now  ap- 
proaches initial  stock  numbers  (Henderson. 
1972).  It  was,  however,  facilitated  by  the  pre- 
dictability of  gray  whale  movements,  the  con- 
fined locale  of  gray  whaling  grounds,  and  the 
plenitude  of  data.  J.R.  Bockstoce  is  currently 
engaged  in  important  primary  research  on 
bowhead  whalmg  in  me  Alaskan-Siberian 
Arctic.  He  estimates  that  20  %  of  all  commer- 
cial bowhead  whaling  voyages  are  covered  in 
logbook  or  journal  collections.  Because  that 
lery  was  routiiiaed,  well-reported  in  trade 
newspapers  and  confined  to  a  knowable  re- 
gion, he  believes  that  available  collections 
provide  a  representative  sample  from  which 
total  bovdieadl  population  figures  can  be  ex- 
trapolated (J.R.  Bockstoce,  pers.  comm.).  He  is 
less  confident  that  accurate  population  esti- 
mates can  be  extrapolated  for  sperm  and  nght 
whales. 

G.W.  Shuster  is  more  optimistic.  Using 
published  statistics  of  the  American  whale 
fisheiy,  he  has  concluded  that  perhaps  the 
most  important  Actor  in  its  decline  was  its 
overfishing  of  sperm  whales  (Shuster,  1972). 
Shuster's  research,  still  in  its  early  stages,  sug- 
gests that  yield  per  individual  sperm  whsSc 
declined  over  the  19th  century.  Therefore,  a 
declining  scale  of  yield  per  whale  might  be 
necessary  to  estimate  numbers  taken  and  from 
this,  initial  populations  (Shuster,  1975).  With 
sperm  whales  it  is  important  to  know  the  sex  of 
the  groups  described  in  logbooks  or  journals,  a 
fact  often  omitted  in  such  documents.  As  for 
other  quany,  whalemen  did  not  always  diller- 
entiate  between  right  whales  and  bowheads. 
Thus,  educated  guessing  by  a  cautions  re- 


searcher Ls  inevitable. 

Logbooks  or  journals,  their  shortcom- 
ings notwithstanding,  have  an  added  value: 
they  often  record  aberrant  whale  behaviour 
and/or  physical  characteristics.  This  should  be 
of  value  to  individual  research  projects.  Much 
insight  into  the  dynamics  of  whaling,  and  there- 
fore  whale  populations,  can  be  gleaned  from 
business  records  and  accounts.  These  docu- 
ments, also  available  in  quantity,  are  the  least 
used  by  scholars.  They  have  little  human 
interest  and  no  anecdotal  appeaL  But  know- 
ledge of  the  cost  and  price  structure  of  whal- 
ing, its  margin  of  profit,  investment  m  tech- 
nology and  the  like,  is  of  course  essential  to 
any  general  understanding  of  the  fishery. 

Researchers  using  available  collections 
would  need  to  maintain  close  contact  with 
maritime  musemn  staff.  Proper  use  of  sources 
involves  knowing  the  conditions  under  which 
thcv  were  kept,  archaic  nautical  and  geogra- 
phical nomenclature,  and  the  natures  of  the 
journalists.  Assumptions  about  the  American 
whale  fisher\'  are  often  based  upon  populariz- 
ed notions  with  little  basis  in  fact.  Contact  with 
biological  researchers  has  revealed  a  wide- 
sptead  mystique  about  Yankee  whiUemen:  they 
are  presumed  to  have  been  canny  experts 
whose  cetological  identifications  and  judge- 
ments can  be  taken  as  unquestionable.  In  fact. 
New  England  wiialers  were  manned  to  a  large 
extent  by  very  young,  inexperienced  landlub- 
bers, who  seldom  made  more  than  a  single 
voyage.  Mere  sightings  by  such  look-outs 
shoiwl  not  necMsarily  be  construed  as  very 
accurate.  Researchers  may  have  to  be  critical 
of  their  sources.  vSuch  work  is  slow-going  and 
time  is  of  the  essence. 

Productive  research  should  begin  quick- 
ly. How  much  research  time  might  it  take? 
Shuster  estimates  2-3  h  per  logbook  or  journal 
(G.W.  Shuster,  pers.  comm.).  Museums  should 
be  consulted  before  outside  researchers  are 
assigned  the  tedium  ofsuch  research.  Extract- 
ing whale  population  data  is  not  simplv  a 
mailer  of  mechanical  recording  of  slalisiics. 
Errors  could  be  so  laree  that  researchers  must 
have  a  well-devek)ped  sensitivity  to  the  char- 
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acter  of  manuscripts,  to  say  nothing  of  a 

strong  academic  bent.  Museums  may  be  able 
to  help  locate  research  candidates  with  the 
appropriate  blend  of  skills. 

What  are  the  overall  responsibilities  of 
maritime  museums  or  libraries  in  supplying 
whale  population  statistics?  Their  fundamen- 
tal obligation  is  to  collect  and  conserve  records 
and  to  date,  collection  has  been  impressive. 
But  manuscripts  have  recently  become  prohib- 
itively expensive.  Private  collectors  who  hold 
hundreds,  if  not  thousands,  of  logbooks  and 
journals  must  be  persuaded  of  the  importance 
of  donating  or  depositing  their  collections  in 
museums,  or  otherwise  cooperating  with 
sdi<rfan.  In  the  less  glamorous  area  of  con- 
serving manuscripts,  museums  have  not  per- 
formed so  well,  although  most  major  collec- 
tions are  on  microfilm.  In  the  USA  logbook  or 
journal  indexing  by  the  several  whaling  mu- 
seums ranges  from  complete  to  none  at  all. 
Almost  cvers'  whaling  museum  is  a  rcposit(^n. 
of  local  history.  Few,  then,  have  any  great 
commitment  either  to  cataloguing  graeral 
data  or  to  devoting  resources  to  general  ques- 
tions such  as  current  whale  slock  studies.  This 
is  more  than  a  question  of  appreciating  the 


continuity  of  history  —  it  is  a  matter  of  finance. 

I  believe  that,  individually,  these  insti- 
tutions are  responsible  agencies.  Mv  expe- 
nence  suggests  to  me  that  they  have  not  made 
the  promotion  of  general  research  a  high 
priority,  which  is  understandable,  given  their 
parochial  character  and  limited  funds  It  is 
more  puzzling  to  me  why,  in  view  of  the  recent 
superheated  speculation  on  whale  popula- 
tions, no  general,  unified  research  has  been 
undertaken  by  the  International  Whaling 
Commtnioa  or  any  other  agency.  The  results 
would  seem  to  be  worth  the  effort.  Adequate 
financing  and  unitv  of  method  are  the  two 
keys.  Both  Ue  beyond  the  reasonable  range  of 
museum  or  library  responsibility.  Despite  the 
inevitable  uncertainties,  logbooks  and  journals 
could  be  of  colossal  importance  in  reaching 
accurate  estimates  of  initial  or  relative  whale 
populations.  But  the  nature  of  the  research  is 
such  that  the  time,  money  and  sensibility  for 
such  work  must  come  from  outside.  1  hope 
that  whale  population  research  using  historic 
sources  will  begin  soon.  As  a  museum  director 
and  historian,  I  believe  there  could  be  no 
belter  justification  for  years  of  collecting  than 
this. 
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ENERGY  INPUTS  AND  OUTPUTS  IN  AN  AUSTRALIAN 
COASTAL  WHALING  OPERATION 


COmpttrisoa  of  the  catorific  vahies  of  die'fliet  and  power  oonsttmpdon  to  that  of  the 

main  products  (oil,  meals  and  solubles)  of  the  Cheyne's  Beach  WhaUng  Station,  Western 
Australia,  for  the  1973, 1974  and  1975  seasons  gives  an  approximate  total  energy  output-input 
ratio  of 0.929,  considerably  higher  than  that  typical  of  a  number  of  other  aecton  of  the  fishing 
jndustry.  Catching  and  towing  account  for  approximately  2/3  of  the  energy  input  and  pro- 
cessing on  shore  for  the  other  1  '3  Oi!  accounts  for  about  80  percent  of  the  total  enercv  output; 
however,  it  is  mostly  used  tor  lubncaiion  where  its  energy  content  is  not  duectly  utilized.  I  bis 
produces  a  lower  value  of  0.184  for  the  periiapa  moie  relevant  niio  of  conattmabie  enei|y 
output  to  total  energy  input. 

On  a  ditennin^  lu  rapport  appruximatif  production/consommalion  totale  d'inergie 
igal  ft  0.929  par  oomparatson  de  bi  vakur  catorique  du  combustible  et  de  la  oonsommation 

d'inergie  avec  Ics  principaux  produits  (huiles.  farines  et  produits  solubles)  ^  la  station  de 
chas&e  k  la  baleine  de  Cheyne's  Beach  (Australie  Occidentale)  pendant  ie$  campagoes  de  1973, 
1974  et  1975.  Ce  rapport  est  sensiblement  supMeor  k  cetoi  qui  caractMse  un  certain  nombre 
d'autres  secteurs  de  I'industric  de  la  peche.  Capture  et  remorquage  repr^sentent  environ  les 
deux  tiers  de  la  consommaiion  d'inergie  landis  que  la  transformation  &  terrc  consomme  le 
reste.  L*huile  reprisente  environ  80  pour  cent  de  la  production  totale  d'inergie:  cependant^ 
elle  ^t  surtout  employee  pour  le  graissage  oii  sa  teneur  6nerg£tiqae  nlest  pas  directement 
utilLsde.  Par  suite,  on  obtient  une  valcur,  faiblc,  de  0, 1 84  pour  un  rapport  production  d'tocrgie 
consommable/consomniation  totale  d  energie,  sans  doute  plus  pertinent. 


Comparando  cl  valor  calorifico  del  consumo  de  combustible  y  energia  ddctrica  con  el  de 
los  phncipales  productos  obtenidos  (accitc,  harina  y  sustancias  solubles)  cn  la  Rstacidn  de 
Caza  de  Ballenas  de  Cheyne,  en  Australia  occidental,  durante  las  lemporadas  1973,  1974  y 
1975,  se  obtienc  una  raz6n  entie  la  produoci6n  y  d  consumo  total  de  energia  del  orden  de 
0,929,  que  es  considcrablcmcntc  superior  a  la  ilc  otros  muchos  scclorcs  de  la  industna 
pesquera.  La  captura  y  el  remolque  representan  aproxunadamente  dos  tercios  del  consumo  de 
eneigjtai,  y  b  clabonKiAn  cn  tKira  d  teraio  TBStanfe.  El  aceite  representa  cerca  dd  80  porciento 
dc  la  produccicm  total  de  energia.  Sin  embargo,  sc  utiliza  principalmcntc  para  Iubricaci6n,  por 
k>  que  su  contemdo  de  energia  no  se  aprovecha  directamente.  Teniendo  eso  en  cuenta,  la  375 
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razon  producci6n  dc  energia  consmnible/coiiKuiiio  total  de  enefgia,  que  quizfts  sea  mis 
revdadora,  da  una  cifra  menor:  0^184. 


DMsUm  t^FbherksandOeemogn^y,  CSIRO,  P.O.  Box  21,  CnnuiUa,  NSW223(K  AuaruUa 


The  Cheyne's  Beach  Whaling  Company 
in  Weston  Australia  has  kindly  made  avail- 
able to  the  author  data  on  the  fuel  and  power 
consumption  of  its  catching  and  facton,  oper- 
aUons  for  the  1973,  1974  and  1975  seasons.  It 
has  also  provided  data  on  the  calorific  value  of 
its  fuel  and  of  the  principal  products,  oil,  meal 
and  solubles. 

From  these  data  it  is  possible  to  calculate 
approximately  the  energy  input-output  bal- 
ance for  these  operations,  following  the  advice 
of  Leach  (pers.  comm.)  that  a  useful  first  ap- 
proach can  be  made  b^  simply  lookmg  at  di- 
rect fiiel  consumption  m  comparison  witii  the 
catch. 

The  results,  averaecd  over  the  3  years, 
are  summarised  in  l  able  i.  I  he  conversion 
faclofs  supplied  by  the  company  for  fuel  oil 
have  been  multiplied  bv  an  efficiency  factor  of 
1 . 1 34  as  suggested  by  Leach  (  I  '^V? )  \o  allow  for 

Eroduction  and  transportation  losses.  Similar- 
j  an  efficiency  multiplier  of  4.0  has  been  ap- 
plied to  the  conversion  for  electric  power. 

The  table  shows  that  the  total  energy 
content  of  the  products  at  the  factory  gate  is 
slightly  less  than  the  energy  input  in  fuel  and 
electric  power  to  the  catching  and  processing 
operations  combined.  Much  the  largest  part  ot 
the  energy  output  (about  80  %)  is  contained  in 
the  calorific  value  of  the  oil.  Since  however  this 
oil  Ls  largely  used  for  lubrication  in  which  its 
energy  content  is  not  directly  utilised,  it  may 
be  mott  relevant  to  consider  the  energy  output 
ratio  for  the  other  products,  meal  and  solubles, 
which  are  probably  used  mainly  in  foodstuff 
The  ratio  is  then  rather  under  20  %. 

The  table  also  shows  that  approximate 
2/3  of  the  energy  input  is  utilised  in  catching 


and  towing  in  the  whales  and  the  other  diifd  in 
processing  on  shore.  The  amount  used  in  aerial 

searching  for  whales  is  n^figible,  about  2  %  of 
that  used  in  catching. 

The  total  output:  input  ratio  for  energy 
appears  to  be  oonridwably  higher  than  that 

typical  of  a  number  of  other  sectors  of  the 
fishing  industry.  Leach  (1975)  quotes  values 
for  this  ratio  ranging  between  0.0061  and 
0.058.  The  higher  ratio  for  this  coastal  whaling 
operation  seems  to  arise  from  2  factors.  Firstly 
the  gross  weight  of"  the  catch  per  tdnne  of  oil 
required  for  \^  capture  is  high.  Taicmg  the 
approximate  total  annual  weight  of  the  catch 
at  zO  0(X3  tonnes,  the  catch  per  tonne  of  catcher 
fuel  is  about  4.6  tonnes,  or.  for  all  fuel  used, 
about  3.2  tonnes.  By  compaiiMjii,  in  ilie  fisher- 
ies examined  by  Leach  (197S)  the  catch  per 
tonne  of  fuel  ranced  from  0.14  to  2  1  tonnes, 
the  overall  figure  for  the  LIK  llshing  industry 
being  1.5  tonnes  per  tonne  of  luel.  Secondly, 
the  energy  content  of  the  ultimate  products 
seems  whales  to  be  unusually  high  in  rela- 
tit>n  lo  the  gross  weight  of  catch.  Again  taking 
ilic  gross  catch  at  20  000  tonnes  the  energy 
yield  of  the  products  is  14.4  GJ'  per  tonne, 
compared  with  a  figure  for  UK  nshcries  on 
Leach's  data  of  1.75  GJ  per  tonne  of  landed 
catch. 

The  high  catching  efficiency  is  substan- 
tially due  to  the  fact  that  this  operation  is  usu- 
ally able  to  take  most  of  its  whales  within  a 
fairly  small  radius  (often  less  than  30  miles)  of 
its  base  and  re^ularfy  uses  airnafl  to  keep 
ifffarrhing  to  a  f?iffltnn«Tn. 


•  GJ  -  Giga-joale. 
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TMe  1.  Eners>  ii|Mft  iml  twlpMls  of  the  ClMjnet  Bctck  Wlnltat  SMtkM,  WcaMn  AuMnUi,  «ftra|ed  on  1973, 1974  and  1975 

seasons 


tnerg}  uipui 

Aerial  .warching 
Fuel  oil 


82.5  1  at  49.4  GJ/t 


0.004  MGJ 


Catching 
Fuel  oil 


43391  at  47.7  GJ/t 


0J07  MGJ 


J'rocc.uirii; 
Fuel  oil 
Electric  pt>»cr 

Total  prooessiag  input 
Total  input 

Output 

•If/ <,'/!,'  /./  lanh  (appiOX.) 
Kiwrs^i  iHilpul 

Oil 

Meal 

Solubles 

Enow  content  of  consumable  products 
Tbial  energy  output 

Total  weight  of  products 


1841  t  M  48  5  GJ/i 

672710  kwh  at  14.4  MJ/kwh 


5792  I  ill  39  9  GJ/I 
15731  at  11.7  GJ/t 
2673 1  at  14.6  CJ/( 


Ream 


Energy  -  total  output:  total  input 

consunuible  output:  total  input 
input  per  tonne  or  products 
input  per  tonne  caught 

Weight  of  pRMUds  per  toone  of  Aiel  (all  puipoaes) 


0.089  MGJ 
0.010  MGJ 

0.099  MGJ 
0310  MGJ 


20000  MGJ 

0.231  MGJ 
0.018  MGJ 
0X>39  MGJ 

0X157  MGJ 
0J88  MGJ 

10038  t 


0.929 

ai84 

30.9  GJ 
15.5  GJ 
1.60  t 


The  high  energy  yield  per  gross  Umne 

caught  seems  however  to  require  further  exam- 
ination. If  significant  comparisons  are  to  be 
made  between  the  energy  conversion  eflicien- 


<7  of  whaling  and  of  other  fishing  of  food 
producing  industries,  it  is  essential  to  be  sure 
that  the  outputs  being  compared  are  actually 
of  the  same  nature. 


Refmoccs 


Leach,  G.,  Fnertiv  and  food  pnxluction.  London, 
1975      Intemaiional  Institute  for  Eavironmeot  and 
Dev^ifimcnt,  IS!  p. 
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The  growth,  migration,  wiawmal  feeding  and  faltening,  metabolism  and  assodaled 
morphological,  physiological  and  behaviounlpanimetenand  ateigy  budgcLs  for  bine  and  fin 
whales  are  discussed  and  comporiioiis  with  sei,  minke  aiKl  humpback  whales  are  made 
whenever  data  are  available. 

Published  material  on  growth  in  length  with  time  Tor  balaenopterid  Toctuses  is  reviewed 
and  growth  in  weight  with  lime  is  discimed  by  referenoe  to  weight-lo-length  rehitioathips. 
The  growth  formulation, 

W"^  -  a(l  -  g. 

(wheie  W  >  body  weight  in  gnunmes,  a  -  growdi  velod^  constant,  t,  »  ttme  oonstant  in 

days  since  conception  prior  to  (he  linear  growth  phase,  t  =  time  in  days  since  conception)  of 
Huggett  and  Widdas  ( 195 1)  is  found  to  describe  well  the  very  rapid  Ibetal  growth  phase  which 
<)ocun  after  die  fiAh  month  of  the  1 1- 12  month  gestation  period.  The  values  found  fiir  Uuc^  fin 
and  sei  whales  (0.52. 0,47  and  0J5,  ntpedivdy)  agree  doiely  with  estimates  given  by  Fnaer 
and  Huggett  (1974). 

PnMished  data  on  body  dimensioin  relative  to  body  length  diroughout  postnatal  growth 
for  blue.  fin.  sei  and  humpback  whales  arc  compared.  In  all  species,  the  anterior  end  of  the 
body  appears  to  increase  disproportionately  ui  size  relative  to  the  rest  of  the  body  while  a 
negative  trend  is  apparent  in  the  posterior  region,  the  net  eflbet  being  isometric  with  increase 
in  bixly  length.  Growth  curves  of  length  at  age  and  weight  at  age  are  constructed  for  bluc;  fin 
and  sei  whales,  and  the  von  fiertaianfl^  (1938)  growth  equation. 


(where  =  mean  length  at  physical  maturity  in  metres,  t  age  in  years,  L,  =  length  in 
metres  at  age  t,t  »  time  constant,  k  «  gmwthvdodQroon8tant)isl%tedtociuves  for  blue,  fin 
and  sd  whales  as  follows: 


bfaiemak: 

U" 

25.0(1  - 

blue  female: 

L.= 

26.2(1  - 

fin  male: 

L.- 

21.0(1  » 

fin  female: 

L.- 

22.25(1 
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sei  mak:  L,  -  14^  (1  -  e-*"»«<«+*J*i) 

sei female:  L,  =  1 5.3  (I  -  e 

The  mcxlification  of  the  von  BertalanfTy  Tormula  by  Laws  and  Parker  ( to  weight  at  age  is 
found  to  describe  the  eslimated  curves  of  growth  in  weight  well.  The  formulae, 

W,- Wo,(l  -e-«'*t»)\ 

(where  W,, «  body  weight  in  tonnes  at  physical  maturity,  W, »  body  weight  in  tonnes  at  age 
t)  are  as  foltows: 


blue  male: 

w, 

102(1 

_  ^-0LlM<l'»4«ai^> 

blue  female: 

w. 

117(1 

_  g  OJ40(t«4.iO>^3 

fin  male: 

w. 

55(1  - 

fin  female: 

w, 

64.5(1 

_  ^-UMd-t-WOiy 

sei  male; 

w. 

18(1  - 

.  g  0.1444(1  ♦•J*)^ J 

sdfemate: 

w, 

19.5  (1 

_Q-4k.l317p4'IUn|i^; 

These  formulae  illustrate  that  the  pallcm  of  growth  in  the  balaenopterid  whales  is 
probably  not  complex.  Estimated  curves  of  growth  in  weight  show  that  the  largest  net  weight 
gain  during  life  takes  place  during  the  first  year  following  birth,  with  weight  increasing  more 
than  tenfold;  it  is  also  apparent  that  both  sexes  in  the  three  species  have  attained  at  least  70 
percent  of  their  mature  weight  at  sexual  maturity,  assumed  to  be  5, 6  and  8  years  of  age  in  blue, 
fin  and  sci  v'-  hales,  respectively.  Comparison  of  data  on  lengtfi  and  apparent  growth  panune- 
ters  for  fin  whales  in  six  difTerent  Aniarctic  areas  show  a  variance  with  locahty  in  the  mean 
maximum  si/.cs  attained,  sue  ai  sexual  maturity  and  growth  rates. 

Analyses  of  published  data  on  whale  mark  returns,  seasonal  variations  in  abundances  of 
whales  on  the  whaling  grounds  and  patterns  of  diatom  louhng  hv  Corcnncis  teiUola  of  the  skin 
of  whales  in  the  Antarctic,  show  that  balaenopterid  whales  of  tx>th  sexes  undertake  extensive 
anniial  migrations,  moving  southward  in  the  austral  summer  to  pohr  waters  and  northward  to 
lower  lalilitdcs  for  the  winter,  and  tending  to  remain  within  the  sann-  !i  ni-iiudinal  sector 
throughout  the  year.  Peak  densities  in  the  Antarctic  are  reached  in  December  to  Februaiy, 
and  in  low  hititudes  around  June  to  August  Immature  whales  apfwar  to  reach  peak  abun- 
dances later  than  mature  animals,  suggesting  a  hierarchal  order  in  miration,  probably  also 
involving  dilferences  in  sexual  condition;  the  average  stay  in  the  Antarctic  is  about  120  days. 
An  Ofdared  succession  of  arrival  of  species  is  also  apparent,  blue  preceding  fin  which  are 
followed  by  sci.  blue  whaK  s  nun  ing  further  south  to  the  pack  ice  along  with  minkc  whales.  In 
recent  years,  there  has  been  good  evidence  that  the  sei  whale  is  arriving  earlier  in  the  Antarctic 
than  it  was  observed  to  do  in  the  thirties,  pcrh  a  ps  because  of  long-term  oceanographic  changes 
toward  warmer  sea  temperatures  and  reduced  interspecific  competition  for  food  due  to 
diminution  of  other  balaenopterid  species.  This  observation  is  perhaps  indicative  of  the 
inlerrelafion  between  the  distribution,  abundance  and  migrations  of  balaenopterids  and  its 
dqiendence  on  production  and  oceanographic  conditions. 

Published  information  on  sea.sonal  variation  in  blubber  thickness  is  reviewed  and  new 
data  are  analysed,  both  in  relation  to  migration  patterns.  Amongst  blue,  fin,  sei  and  humpback 
380    whales,  it  is  apparent  (hat  pregnant  females  are  exceptionally  fat  relative  to  resting  females 
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and  adult  males,  lactating  females  are  very  lean  and  juvenile  whales  are  usually  Tatter  than 
adult  males  and  nonpregnant  females.  Variations  in  weights  of  blue,  Hn  and  humpback 
whales  between  November  and  April  are  compared.  Weight  data  are  standardized  through 
the  use  of  the  body  weight/body  length  ratios  for  humpbacks^  and  the  body  wcight/hunc 
weit'hl  r;itio  for  blue  ;inci  fin  uhaK  s  Me;in  ratios  with  lime  succc^t  a  tloiiblinc  orh<\(!v  weight 
m  humpbacks  througliout  the  Antarctic  iceding  season,  and  laitcnin^  in  blue  and  fin  whales 
of  about  50  and  30  percent  of  body  weight,  respectively,  although  the  increase  in  the  latter 
species  is  probably  similar  to  that  in  blue  whales.  These  estimates  of  fattcninti  are  in  harmony 
with  those  demonstrated  for  North  Pacilic  gray  whales  and  appear  reasonable  Ironi  eompari- 
sons  with  the  extent  of  fattening  in  hibemators  and  weight  losses  anticipated  during  starvation 
in  variou.s  mammals.  The  distribution  of  weight  increases  in  the  various  bc^dv  tivsucs  for  fin 
and  blue  whales  is  calculated  in  the  same  way  as  for  total  body  weight  mcreases  in  these 
species:  the  greatest  overall  increase  occurs  in  the  musculature,  then  the  blubber,  followed  by 
the  viscera,  chieflv  because  of  these  tissues'  relatively  greater  presence  by  weight,  respectively, 
while  the  greatest  percentage  occur  in  the  opposite  order. 

Food  taken  in  difTerent  localities  is  reviewed,  the  conclusion  being  that  feeding  is 
generallv  opportunistic  and  that  swarming  planktonic  crustacca  are  preferred  In  tn:c  polar 
waters,  krill,  Euphausia  superba,  is  the  main  food  species.  Review  of  daUi  on  occurrence  and 
qtuintities  of  stomach  contents  of  balaenopterid  whales  indicates  that  tn  the  Antarctic,  feeding 
reaches  an  incidence  level  of  about  85  percent  and  food  intake  may  averatre  30-40  g/kg  body 
weight/day;  in  low  latitudes,  the  incidence  level  generally  falls  to  less  than  50  percent  and 
probably  less  than  20penxnt  in  adults,  and  food  is  consumed  at  about  10  percent  or  less  of  the 
summer  rale.  In  a  whale  feeding  at  these  rates.  ."^.5-5  times  the  body  weight  is  ct>nsumcd  in  a 
year  and  an  average  of  12  g/kg  body  weight/day/year  is  eaten.  The  feeding  pattern  of  sei 
whales  present  in  sub-Antarctic  latitudes  appeals  to  be  less  seaaonal  with  a  moie  varied  diet. 
Evidence  for  a  diurnal  rhythm  of  feeding  controlled  by  vertical  migration  of  the  prey  is 
discussed,  together  with  infonnation  on  digestion  rates. 

The  dimensions  of  die  mouth  in  balaenopterids  are  compared  mid  the  mechanics  of 
feeding  are  discussed.  The  baleen  plates  seem  to  be  shorter  and  narrower  in  the  largest  species 
when  compared  with  the  equivalent  sizes  of  animals  of  the  smaller  species.  The  jaws  of  blue, 
fin  and  minkc  are  very  similar  in  shape,  whereas  those  of  the  humpback  and  sei  are  thenddest 
and  narrowest,  respectively,  of  all  the  Balaenopieridae.  Calculations  of  mouth  volume  in  bhie 
and  fin  whales  bxsed  on  that  of  minke  whales  show  Ih.il  when  feedinv  in  waters  where 
production  is  2  kg/m^  in  a  band  1.22  m  thick,  the  mouth  volume  filtered  repeatedl)  lur  a  few 
bounissufficieotlo  provide  adequate  nourishment  However,  it  is  clear  that  annual  migration 
to  the  productive  waters  of  the  Antarctic  where  the  necessaiy  higher  densities  of  near-surfaoe 
cuphausiid  swarms  are  present,  is  essential  for  survivaL 

The  heart  and  kidney  weights  of  cetaceans  appear  to  follow  the  usual  relationship  to 
Knh  weight  found  for  other  mammals.  These  organs  are  closely  associated  with  meiaholism. 
so  the  basal  metabohc  rate,  Q,  might  also  be  expected  to  Ibilow  the  relationship  observed  for 
other  mammals, 

Q  -  70.5W""kcal/day, 

(where  W     body  weight  in  kilogrammes).  Three  methods  of  calculating  surface  area.  A,  are 
disciMsed.  The  two  most  promising  methods  are  by  Parry  (1949X 

A  -  ll.lxW«», 

(where  W  «  body  weight  in  grammes,  A  is  given  in  square  centimetres),  and  Brody  (1968), 

A  =  1 000  X  <^  381 
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(where  W  and  A  are  in  kilogrammes  and  square  centimetres,  respectively),  both  of  which  give 
predictions  close  to  actual  observations.  A  third  method  by  Guldbcrg  ( 1907)  assumes  that  the 
body  of  the  whale  roughly  conforms  to  two  cones  placed  end  to  end  and  gives  a  result  about 
2/3  of  the  areas  calculated  by  the  other  two  methods.  The  basal  phase  rate/body  weight 
relationship  in  wh:ilc^  is  proh;ihlv  Minihir  lo  that  of  other  mammnis,  and  thire  is  a  possibility 
that  brad\Lartiia  iiiav  occur  during  divint;  as  observed  m  small  marine  inanimaLs.  The  blood 
weight,  nearly  equivalent  lo  blood  volume,  in  adult  baleen  whales  Ls  as.sumed  to  be  about  10 
percent  of  body  weight.  From  paiblished  data,  the  oxygen  capacity  of  the  blood  appears 
variable,  but  generally  fails  in  the  range  of  20-30  percent.  The  vital  capacity  of  cetaceans  is 
estimated  to  be  a  veiy  h^  pfoportkm  of  lotil  GBpadty. 

Data  on  blowing  rates  and  diving  times  for  different  whale  species  arc  considered.  In 
rorquals,  blowing  rates  may  fall  to  one  per  minute  in  resting  animals  and  mcrcase  with 
activity';  smaller  whales  generally  Mow  more  frequently  than  larger  ones.  Rorquals  <to  not 
appear  to  dive  deeper  than  300  m  according  to  published  information.  Patterns  of  sleeping 
and  activity  in  cetaceans  appear  imciear,  though  apparent  sleep  is  characterized  by  a  marked 
fall  in  the  respiratory  rate  and  the  adoption  of  certain  postures  in  the  water.  Well-fed  whales 
appear  to  be  slow  and  relaxed  in  their  environment  suggesting  that  sleep  could  possibly  occur 
after  feeding  and  that  the  sleeping  period  may  therefore  be  determined  by  the  possible  diurnal 
rhythm  of  the  prey. 

The  resting  metabolic  rate  in  blue,  fin,  sperm  and  botllenose  whales  is  calculated  with 
the  assiimpti(ins  thai  the  avcrapc  Respiratory  Quotient  (RQ)  is  0.82,  that  utilization  of  inspired 
air  is  lU  percent  and  thai  estimates  oflung  capacity,  averaging  2.5-2.8  percent  of  body  weight, 
and  iCSpiratory  rhythms,  are  as  observed.  The  predicted  values  for  large  cetaceans  are  in 
agreement  with  extrap<ilations  of  data  for  small  cetaceans  and  pinnipeds.  Calculations  of 
energy  expenditures  needed  to  overcome  resistance  at  different  swimming  speeds  suggest  that 
0.01  hp/  lb  (1.64  X 10^  ergs/kg)  operative  musculature  is  a  valid  basis  on  which  to  estimate  the 
active  metabolic  rale,  representing  energy  expenditure  at  top  cruising  speeds,  using  a  con- 
version factor,  1  hp  1.54  x  10^  kcal/  lb/day.  The  basal  metabolic  rate  is  calculated  (1)  using 
tfwfonnula, 

Q  =  TO-SW^™*, 

(W  -  body  weight  ui  kilognmmes),  (2)  as  about  85  percent  of  the  resting  rate,  and  (3)  as  10 

percent  of  the  active  rate.These  three  methods  give  remarkably  StmOarrcaultS,  though  the  first 
method  generally  gives  values  lower  than  the  latter  two. 

Energy  budgets  are  estimated  for  Mue  and  fin  whales  at  different  stages  of  development 

Growth  efTicicneiL-s  (gross  and  net)  are  f'e<urul  lo  fail  with  incTease tn  age, ftom levelS Of  aboUt 

30  percent  in  the  unweaned  calf  to  1  percent  m  near  adults. 

High  estimates  of  assimilation  effiden^,  around  80  percent,  may  be  inaccurate  due  to 
indirect  calculation.  The  ratio  of  energy  expenditure  in  metabolism  to  energy  capture  in  (et  ni^ 
of  developmental  growth  is  found  lo  increase  from  about  2: 1  to  nearly  100: 1  between  birth 
and  adulthood,  indieating  tfiat  relative  production  efficient  fhUs  off  dfunatically  with  age. 
Gaiculalion  of  the  balanced  energy  budgets  shi^ws  the  necessity  of  the  seuoaal  body  wc|^t 
increases  (at  least  50  percent)  demonstrated  earlier.  Pregnant  females  appear  to  require  an 
increase  of  about  60-70  percent  in  order  to  survive  the  large  energy  drain  imposed  by  lactation 
and  therefore  require  a  longer  Antarctic  feeding  period;  the  energy  budget  for  pregnant 
females  is  necessarily  only  meaningful  over  a  two-year  cyde. 

lUumi 

L'auleur  ^tudic  la  cruisi>ancc,  tes  migraiion.s.  ics  cycles  saisonniers  d'alimentation  et 
382    d'engraissement,  le  mitabolisme  el*  ks  panmitrcs  moiphologpques,  physioh^iques  et  de 
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oomportement  connexes,  ainsi  que  les  bilans  inergMques  dtt  baleines  bleues  et  des  loiquals 
oocnmuns  ct  pr^>c^de  k  des  oomporaisons.  quand  les  donate  dvpooiblcs  k  pennetteni,  avec 

les  rorquals  dc  Ruddlf,  Ics  pctits  rorquals  et  les  mcj'iiptdres. 

11  passe  en  revue  la  documentation  puhlicc  sur  la  croissance  lineaire  en  tonction  du 
temps  pour  les  teUlS  des  baleinopt^rcs  ct  examine  la  croissance  poadMIc  dus  le  temps  en 
tenant  oompte  des  fappofts  poids-longueur.  La  formule  de  croissaiioe, 

W««-t<t-to), 

(od  W  ~  poids  corporel  en  grammes,  a  «  constanic  dc  viicssc  dc  cruissance,  to  ~  constante 
de  temps,  en  jouis,  entre  ta  conception  et  la  phase  de  croissanoe  lineaire,  t  <■  temps,  en  jours, 
depuis  la  conception).  6tablie  par  Hujrpcl  ct  Widdas  (1051)  dc'cril  correttcmcni  la  phase  dc 
croissaace  foeule  tr^  rapide  qui  se  produit  apr^  le  cinqui^me  des  11-12  mois  de  la  p^riode  de 
gestation.  Les  valeuis  observtes  pour  les  baldncs  Meues,  les  nwqnals  oommuns  ct  les  nirquab 
de  Rudolf  (rcspectivemcnt  0,52,  0,47  et  0^5)  oonoordent  6tfoitemcat  avec  les  estimations 
fouraies  par  traser  ct  Hugget  (1974). 

L*auteur  compare  les  donnies  publiies  sur  les  dimensions  oorporelles  par  rapport  i  fat 
longueur  du  corps  lout  au  long  de  la  croissance  post-natalc  chcz  les  balcincs  bicucs,  les 
rorquals  communs,  les  rorquals  de  Rudolf  et  les  megapt^res.  Dans  toutes  les  espdces,  la  partie 
antirieure  du  corps semble  s'aocrottre  en  taille  de  fa^on  disproportionate  par  rapport  au  reste 
du  c»rps  tandis  qu'ime  tendance  negative  caradMae  ta  rtgion  postirirare,  la  r^ultante  nette 
<5tan!  isomelriquc  avec  rauenieniation  dc  la  longueur  du  corps,  l.es  courbes  de  croissance  de 
la  longueur  ct  du  poids  par  rapport  a  I'age  sont  etablies  pour  les  baleines  bleues,  les  rorquals 
oommims  et  les  rorquals  de  Rudolf  ct  l*6|uation  de  croiasance  de  von  Bcrtalani^  (1938)» 

L,=  L„(1  -e^'*"), 


(oft  L«,  s  longueur  moyenne  i  la  maturity  physique,  en  mtoes,  t » tge  en  anuses, 

L,  ■=  longueur  en  metres,  k  PSge  t,  t  =  constante  de  temps,  k  =  conslanfe  de  vitesse  de 
croissance)  est  appliqute  aux  courbes  pour  les  baieines  bleues,  les  rorquals  communs  et  les 
rorquals  dc  Rudolf,  oomme  suit: 

baidne  bleue  male:  L,  -  25X) (1  -  e-""<'*''«>) 

bddne  bleue  femelle:  L,  •  26.2  (1  -  e-«^**«») 

rorqual  commun  mflle:  L,  -  21.0 (I  -  c-»^'»*'*>) 

rorqual  common  femdle:  L,  -  22.25  ( 1  -  e-"»<'*"<«) 

rorqual  de  Rudolf  mJle:  L,  -  148(1  - 

rorqual  de  Rudolf  femelle:  L,  -  15.3(1  -  €-*'»'»♦'««) 

La  modification  de  la  formule  de  von  BertalanfTy  par  Law  et  Parker  (1968)  pour  le  poids  en 
fonctioa  de  I'age,  convieat  k  la  description  des  courbes  estimatives  de  la  croissance  poad6rale. 
Lesfoimuks, 

W,  =  W«,(i  -c  «'*•«')', 

(ob  Woo  =  poids  corporel,  en  lonnes,  it  la  fflaturiti  physique,  W,  >  poids  corporel,  en  tonnes. 

k  Vkge  t)  sont  les  suivanies:  383 
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baleine  bleue  mile: 

w, 

102(1 

uaicuic  ulcuc  icmcuc 

w 

1 1  r  \  1 

~  C  / 

rorqual  oommun  m&le: 

w, 

55(1  - 

roiqual  oominiiii  femdle: 

w, 

64.5(1 

rorqual  de  Rudolf  tnSle: 

w, 

18(1  - 

rorqual  de  Rudolf  femelle: 

w. 

19.5(1 

11  resson  des  lormules  ci-dessus  que  Ic  M;hcmu  dc  croi&sancc  dcs  baicinoptcrcs  n'est 
probablement  pas  oomptexe.  Les  oourbes  estunatives  de  la  croissanoe  ponddrale  montient  que 

Ic  maximum  de  gain  pond^ra!  net  sur\ient  la  premiere  annee  qui  suit  n  iissance.  le  poids 
augmentant  alors  plus  de  dix  tbis;  il  upparuit  au!>si  que,  chcz  Ics  iruu  c!>pccc.s  cunsidcrccs,  lc$ 
animaux  des  deux  sexes  alleignent  au  moins  70  %  de  leur  poids  mature  i  Tige  de  la  maturiti 
scMicllc  qu'on  pi-nsc  ctre  dc  5.  6  et  8  ans.  respectivemcnt,  pour  Ics  baleines  bleues,  les  rorquals 
communs  et  les  rorquals  de  Rudolf.  La  comparaison  des  donnees  sur  les  param^trcs  dc  la 
longueur  et  de  la  croissance  apparente  des  rorquals  communs  dans  6  zones  anlarctiques 
difTcrcntcs  ri-vcicnt  dcs  (hearts  scion  Ic  lieu  dans  Ics  dimcnsionsmaximaiesmoyeimes,lacail]e 
au  moment  de  la  maturity  sexuelle  et  les  taux  de  croissance. 

Les  analyses  des  donnto  sur  les  marques  renvoyAes,  les  variations  saisonniires  de 
Tabondanoe  sur  les  lieux  de  chasse  i  la  baleine  ct  les  sch^mas  des  depots  laisses  par  les 
dialomdes  Coceoneis  celicola  sur  la  peau  des  baleines  dans  I'Antarctique,  monireni  que  les 
baleinopt^res  des  deux  sexes  entreprennent  d'importantes  migrations  annuelles.  se  dirigeani 
vers  le  sud  durant  I'^t^  austral  en  direction  des  eaux  polaires  et  vers  le  nord  en  directiot)  dc 
latitudes  plus  basses  cn  hiver  et  qu'ils  tcndent  A  demeurer  dans  le  mime  secteur  longitudinal 
tout  au  lon^  dc  I'anncc.  Dans  rAntantiquc.  Ics  plus  fortes  dcnsitis  se  rcnconlrent  de  decern- 

bre  il  Janvier  el.  au\  latitudes  phis  basses,  de  juin  k  aout.  Les  bateines  immatures  semblent 
alteindrc  Icur  abondance  maximale  plus  lardivemcnt  que  Ics  animaux  matures  il  se 
pourrail  done  que  les  migrations  sc  fa.vscnt  scion  un  ordrc  hierarehiquc  cl  qu'mtcrvienncnt 
aussi  des  difTirences  en  rapport  avec  I'elat  sexuel:  la  duree  moyenne  du  sejour  dans  les  eaux 
antarciiques  est  d'environ  120  jours.  L'arrivee  des  diverses  espeees  semble  ^galement  suivrc 
un  certain  ordrc:  les  baleines  bleues  pr^c<ident  les  rorquals  communs.  que  suivcnl  Ics  rorquals 
de  Rudc^,  les  premieres  se  dipla^ant  davantage  vers  le  sud  en  direction  de  la  banquise,  en 
mcmc  temps  que  Ics  petits  rorquals.  II  est  netiement  apparu  ces  dernieres  anncc  que  les 
rorquals  dc  KudoU'arhvcni  dans  rAntarciique  plus  tot  qu'on  ne  I'avait  observe  au  cours  dcs 
annies  30,  du  fait  peut*dtie  de  modifications  ocianograpbiques  it  long  lenne  entralnant  un 
rcchaiifTcment  des  temperatures  de  I'eau  ct  d'une  moindre  concurrence  intcrsp^cifique  pour 
la  nournturc,  consecutive  a  la  diminution  des  efleciifs  d'autres  baleinopterc>.  Cetlc  observa- 
tion d£note  peut-toe  la  relation  rddproque  entie  la  distribution,  Tabondanoe  et  les  migrations 
des  baleinoptitcs  et  sa  dipeadance  i  I'igard  de  la  production  et  dcs  conditions  ooianognip- 
hiques. 

L'auteur  passe  en  revue  les  renselgnements  pubU6s  sur  les  variations  satsoimiires  de 

I'dpaisscur  du  lard  cn  fonction  dcs  schdmas  de  migration  ct  analyse  de  nou^  cllcs  donnees  sur 
ce  dernier  point.  C  hez  la  plupart  des  baleines  bleues,  des  rorquals  communs,  des  rorquals  de 
Rudolf  et  des  megaptires.  les  femelles  plemes  sont  exceptionnellement  grasses  par  compa* 
raison  avec  les  femelles  au  repos  et  les  miles  adultes;  les  femelles  en  lactation  .sont  trds  maigres 
et  les  juveniles  sont  habitueUemeni  plus  gras  que  les  miles  adultes  ct  les  femelles  non 
fkooMa.  LVuiteur  teidfe  ks  vaviatioia  de  poids  des  bakines  bleues,  des  rorquals  communs 
384    et  des  m^aptires  entre  novembie  et  aviiL  Les  doaata  pondirales  sont  normalisCes  sur  la 
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base  du  rapport  poids  corporel/longueur  Lorptirelle  pour  les  megaptcrcs  ci  Ju  rappc^rt  poids 
Gorporel/poids  du  squelette  pour  les  baleiues  bleues  et  les  rorquals  communs.  Les  rapports 
moyens  en  fonction  du  temps  donnent  i  pcnser  que  le  poids  corporel  des  mdgapi^  double 
pendant  la  saison  d'alimentation  dans  I'Antarctique  et  que  celui  des  baleines  bleues  et  des 
rorquals  oommuns  augmcntc  d'cnviron  50  el  30  pour  cent,  respectivement,  encore  que  Fac- 
croissement  soit  probablement  semblable  chez  ces  deux  esp^ces.  Ces  estimations  de  I'en- 
graisscment  ooncordent  avcc  les  chifRres  toblis  pour  les  baleines  grises  du  Pacifique  notd  et 
scmblcnt  raisnnn;iblfs  d';iprcs  les  comparaisons  faitos  '^ur  rnmpleur  de  I'encraiwment  des 
animaux  hibcrnants  ci  des  depcrdiliuns  dc  poids  prcvucs  durani  les  pcriodcs  dc  jeunc  chez 
dhren  immmiftres.  La  distribution  des  augmentations  pondirales  des  diven  tissus  ooipovels 
dCSIOn|UaIs  communs  et  des  baleines  bleues  est  ca!cul6e  Ldmme  d:ins  \c  casdc  raccroissement 
du  poids  corporel  total  chez  ces  espcces:  I'augmentation  globule  maxiinale  aflecte  la  muscu- 
lature, puts  le  lard  et  ensuite  les  vtsctees,  eaentieUemeal  en  ptoporiioii  de  la  prtpond^ianoe 
ponderale  relative  de  ces  tissus.  tandis  que  cette  progiesskm  est  invers^e  pour  ks  augmenta- 
tions maximalcs  en  puurceniage. 

L'dtude  de  la  nourriture  presente  en  difKrents  sites  rivile  que  les  animaux  consomment 
en  general  ce  qu'ils  trouvcnt  i  leur  disposition  el  qu'ils  preferent  les  erustatcS  plancioniques 
vivant  en  bancs.  Dans  les  eaux  polaires  proprement  dites.  Euphausia  superba,  est  la  principale 
esptoe  alimentaire.  L*examen  du  contenu  stomacal  —  nature  et  quantitts  —  des  baleinoptires 
montre  que  dans  rAnlarctiquc  le  Laux  dc  frc'qucnce  dc  ralimcntalion  attcint  environ  85  %  ct 
que  la  quantite  de  nourriture  absorb^e  est  en  moyenne  de  30  a  40  grammes  par  kilo  de  poids 
corporel  et  par  jour;  sous  les  latitudes  basses,  le  taux  de  fp6quence  tombe  gtodralement 
an-dessous  de  50  %  et  probablement  au-desaousde  20  %  chez  les  adultes;  la  consommation  de 
nourriture  est  infcTienre  d'environ  10  T  on  moins  a  ce  qu'elle  est  en  M.  Dans  le  cas  d'une 
baleine  qui  s'aliniciiie  dc  cetic  la(,on,  la  quamite  de  luiurriture  absorbee  en  un  an  rcprescnte 
3,5  i  S  fois  le  poids  corporel  et  la  consommation  s'l^tahlit  en  moyenne  a  12  g/kg  dc  poids 
corporel /jour/an.  Le  schema  d'alimcntalion  des  rorquals  de  Rudolf  sous  les  latitudes  suban- 
tarcliqucs  scmble  avoir  un  caractcrc  moms  sai&onnier  et  leur  regime  est  plus  vari^.  L'auteur 
examine  les  preuves  d*un  rythme  diume  de  ralimentation  r6gi  par  les  migrations  verticales  des 
pnoies  ainsi  que  les  donnc'cs  rc!ati\  e^  lux  taux  de  digestion. 

Les  dmicnsions  dc  Tapparcii  buccal  des  baleinopt^res  sont  oompartes  et  le  mtoanisme 
de  I'alimentation  est  examine,  les  fanoos  des  mysticMes  semMent  plus  courts  et  plus  Aroits 
cbcv  les  grandcs  espcces  que  che/  les  animaux  dc  dimensions  CLjuiv  alentes  ties  espcces  plus 
petites.  Les  machoires  des  baleines  bleues,  des  rorquals  communs  et  des  petits  rorquals  sont 
morphok^uement  trte  semMaUes  alois  que  celles  des  m^gaptdres  et  des  rorquals  de  Rudolf 
sont,  respectivement,  les  plus  larges  et  les  plus  etroites  de  toutes  celles  des  baleinopteres.  Le 
volume  buccal  des  baleines  bleues  et  des  rorquals  communs,  calculi  sur  la  base  de  oelui  des 
pciits  rorquals,  pennetd'avancerque  dans  les  eaux  ot  la  production  est  de  2  kg/m'dans  une 
brade  de  l,22ni  d*^MMISCur.  la  quantue  d'eau  nitric  de  faqon  r^pcicc  pendant  quelqucs 
heures  sufTit  i  assurer  une  alimentation  adequate.  Toutcfois,  il  est  Evident  que  la  migration 
annuelle  vers  les  eaux  productives  de  I'Antarctique,  ou  se  trouvent  pi6s  de  la  surface  les 
cQnununautte  trte  denses  nteessaires  d'euphausiid^  est  indispensable  4  la  suivie  des  ani- 
maux. 

I  c  rapport  entrc  le  poids  du  ccer  ct  des  reins  et  celui  du  corps  semble  du  mCme  ordrc  de 
grandeur  chez  les  c^taods  et  les  aulrcs  mammifi^rcs.  C  es  organes  sont  ^troitement  associds  au 
mcHaholisme.  de  sortc  qu'on  peut  s'attendre  que  le  mitabolisme  de  base  Q  suive  le  rapport 
observe  pour  les  autres  mammiferes: 


Q  -  70.5Wft'«»kcal/jottr, 
(oCi  W  -  poids  oorporel,  en  kilogrammes).  Trois  mMiodes  de  cakul  de  la  suiftoe  dtvdoppte,  385 
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A,  sont  exammies.  Les  deux  qui  aemblenl  ofinr  k  phis  de  poMibilitis  tout  la  mdthode  Piuiy 
(1949) 

A  -  lUxWW, 

(oil  W  »  poids  ooiporel,  en  kilogrammes,  A  ttuA  exprimi  en  centunteci  cairis)  et  odie  de 
BfDdy(«968) 

A  -  1  000  X  W«  »»\ 

(oil  W  el  A  sont  exprimes,  respectivement,  en  kilocrammcs  et  en  centimetres  carris);  ces  deiix 
m^thodes  donnent  des  valeurs  ires  proches  des  observations  rieiles.  Une  troisiime  m^thudc, 
ceDe  de  Guldberg  <I907)  nippoie  que  le  ooipi  de  la  bakine  itSMmUe  anez  A  deux  oAoes 
places  base  ctmlre  base:  la  superficic  ainsi  calculdc  reprdsentc  !cs  deux  tiers  du  rdsultat  obtcnu 
par  les  deux  autrcs  mithodcs.  Lc  rapport  pouls  de  base/poids  corporel  chcz  les  baleines  est 
sans  doute  semUable  k  cdm  des  autm  mammiftits  et  il  se  peut  quSine  bradycaidfe  survienne 
pendant  la  plongde,  comme  on  I'a  observe  chez  les  petits  mammif(^res  m^rins.  I.e  p(^ids  du 
sang,  approximativement  dquivaient  au  volume  sanguin,  correspondrait  a  environ  10  %  du 
poids  oorporel  diez  les  mystiodtes  adnltes.  Sekm  ks  donnies  paUiies*  le  taiix  de  Toiqfgtee 
sanguin  est  variable  mais  il  est  gin^ralcment  dc  I'ordre  Jc  IQ-^O  pow CenL  On estime que  k 
taux  vital  des  oetac^  est  tr^  important  par  rapport  au  taux  totaL 

L*attteur  examine  les  donate  sur  k  lydnne  de  soufflement  et  la  durfe  de  plongde  de 
diverses  espices  de  bakines.  Chez  ks  nnquals,  le  rythme  de  soufllement  peut  descendre  i 
1 /minute  pour  I'animal  au  repxjs  et  augmenter  selon  ractivit^;  en  general,  les  petites  baleines 
soulTlcnt  plus  fr^quemment  que  les  grandes.  D'aprte  les  donn^es  pubU^es,  les  rorquals  ne 
semblent  pas  plongerau-detaousdeSOO  m.  Lartpaftitkmdesp6riodesde8omnieileid*activiti 
chcz  les  c^tacds  est  mal  connue:  toulefois,  le  sommei!  apparent  est  caractdrisd  par  une  baisse 
marquee  du  lythme  respiratoirc  ct  par  ('adoption  de  certaines  attitudes  dans  I'eau.  Les 
baleines  bien  noairiasoot  des  mouvemenis  tents  et  son!  ditendues  dans  leur  environnement, 
ce  qui  laisse  penscr  que  1c  sommcil  pourrait  ^vcntuellement  apparaitre  aprds  Tingestion  de 
nourhlure  et  que  la  p^riode  de  sommeil  pourrait  done  tue  d^termin^e  par  le  rythme  diume 
des  praks. 

Le  taux  de  mdtabolisme  an  rcpos.  des  baleines  bleucs,  des  rorqiinls  commune,  des 
cachalots  et  des  hyperoodons  est  calcuk  en  fonction  de  I'hypothdse  que  le  quotient  respiru- 
toife  (QR)  moyen  est  de  0,82,  que  l*utilisalion  de  I'air  inspir6  est  ^k  i  10  pour  cent  et  que  les 
valeurs  estimaloires  de  la  capacity  pulmonaire  -  en  moyenne  2,'>-2  8  pour  cent  du  poids 
ooqwrel  -  et  du  rythme  respiratoire  correspondent  aux  valeurs  observ^es.  Les  valeurs 
pr^es  poor  les  grands  o£tac£s  oonoordent  avec  Textrapolation  des  donntai  disponibks  pour 
Ic'.  potits  cctaccs  ot  les  pinnip^des.  Les  %alcurs  calculec*;  des  depenses  enerc^liques  requises 
pour  surmonter  la  resistance  k  dilTi^rentes  vitesses  de  nage  donnent  k  penser  que  le  chitTre  de 
0,01  ch  par  livre  (453  g)deimi8Cttbturefonctionnelk(l,64x  10*ergs/kg)  est  une  base  valable 
pour  estimer  le  taux  de  mdtabolisme  actif.  repr^entant  une  d^pense  ^nergetique  aux  vitesses 
decroisiiremaximales avec unooefTiciem deconversion  de  1  ch  -  1,54 x  lO^kcal/livre/jour. 
Le  taux  de  mdiaboliBme  de  base  est  cakuk  de  irois  ra<;^ns:  ( I )  en  utilisant  k  onnuk: 

Q  -  70,5W<^^«», 

(od  W  •>  poids  oorporel,  en  kilogrammes),  (2)  comme  reprisentant  environ  85  pour  cent  du 
taux  au  repos  et  (3)  comme  10  pour  cent  du  taux  d'activit^.  Ces  trois  m^thodes  donnent  des 
risultais  remarquablement  semblables,  encore  que  les  valeurs  founues  par  k  premkre  scnent 
giniralement  inffrieures  k  celles  des  deux  autres. 
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8ttld«8  de  iUveloppeinent.  Lcs  cfTicacil^s  de  croissancc  (brutes  et  nettes)  diminuent  k  mesure 
que  rSge  augmente.  passant  d'environ  30  pwur  cent  chez  le  jeune  non  sevri  k  1  pour  cent  chez 
I'antmal  pre.squ'adulte.  Les  fortes  estimations  de  refTtcacit6  d'assimilation  -  environ  80  pour 
cent  -sontpeut-etreinexactesdu  fait  que  lew  calcul  est  indirect.  Le  rapportaUsekdipeitae 
6nergetique  du  mdtabolisme  et  la  capture  d'^nergie  en  termes  de  croissance  augmente  d'en- 
viron 2: 1  a  pr^s  de  100: 1  de  la  nausancc  a  l  agc  adultc,  cc  qui  indiquc  une  chute  spcclacuiairc 
de  refTicaciti  relative  de  production  avec  I'ftge.  Le  calcul  des  Ulans  teergitiques  ^quilibrds 
rivdle  la  ndcessit<^  d'accroisscmenls  <iaisonniers  du  poids  corporel  (riii  moins  50  pour  cent), 
phtoomene  d^montrd  prdc^demment.  Les  femelies  pleines  onl  apparemment  besoin  d'une 
auimeDlatioa  pondtode  d'environ  60-70  pour  cent  pour  rMsler  k  la  forte  d^perdMon 
^nerg^tique  impos^e  par  la  lactation;  ellesont  done  besoin  d'unc  plus  longuc  pc^riodc  d'ali- 
mentation  dans  I'Anlarclique;  le  bilan  tocrgitique  des  fcmcllcs  plcincs  ne  pcui  avoir  de  sens 
que  all  est  itabli  snr  UD  qwle  de  deux  au. 


F.n  este  trabajo  se  examinan  el  crecimienio,  los  movimicntos  migralorios,  la  alimcnta- 
cion  y  engorde  estacionales,  el  metabolismo  y  los  parametros  inorfol6gicos,  fiHOl6gicos  y  de 
oomportamiento  oorrespondientes,  y  d  bailee  de  energia  de  b  baUena  azul  y  dc  atela, 
haciendo  comparaciones,  siempre  que  se  diqwne  de  datos,  oon  la  baUena  boba»  la  ballcna 
enana  y  la  baUena  jorobada. 

Se  examinan  los  datos  publicados  sobre  el  crecimtento  longitudinal  de  los  fetos  de 
balcnoptdridos  y  sc  csiudia  el  aumento  dc  peso  atendicndo  a  la  relacion  entre  este  y  la  talla. 
Los  resultados  indican  que  la  fdnnula  de  crecimiento  de  Huggett  y  Widdas  (19S 1), 


(donde  W  -  peso  corporal  en  gramos,  a  «  oonstante  de  vekicidad  de  crecnniento,  U  * 
tante  de  tiempo  en  dias  desde  la  concepcidn  hasta  que  comienza  la  fase  de  crecimiento  linear, 
t  »  tiempo  en  dIas  desde  la  concepci6n)  describe  bicn  la  fase  rapidisima  de  crecimiento  del 
feto  que  se  produce  a!  cabo  del  quinio  mes  de  los  1 1/ 12  que  dura  la  gestaci6n.  Los  resultados 
obtenidoi  con  la  ballena  azul,  de  aleta  y  boba  (0,52, 0,47  y  0,35,  respectivamente)  coinciden 
muy  de  cerca  con  las  estimaciones  hechas  por  Fraser  y  Huggett  (1974). 

Se  comparan,  para  la  ballena  azul,  de  aleta,  boba  y  jorobada,  los  datos  publicados  sobre 
las  dimensiones  del  cuerpo  en  rclaci6n  ct>n  la  talla  dttiante  la  ftse  de  crecimiento  posnatal.  En 
todas  las  especi6s,  la  parte  anterior  del  cuerpo  aumenta  desproporcionadamente  de  tamano 
con  respccto  al  resto  del  mismo,  micntras  en  la  rcgi6n  posterior  se  manifiesta  una  tendencia 
negativa.  lo  que  produce  un  claro  cfccto  de  isometria  al  aumentar  la  t  ilia  Se  iraz-an  curvas  de 
crecimiento  que  describen  la  lonpitud  scpiin  la  edad  y  el  peso  '.eeiin  la  edad  de  la  ballena  azul, 
de  aleta  y  boba  y  se  ajusia  la  ecuacioii  de  crecimiento  de  von  BertalaniTy  (1938), 


(donde  L„  =  talla  media  cn  cl  momcnto  dc  la  madurez  fisica,  en  metros,  t  =  edad  cn  anos, 
Lt  "  longitud  en  metros  a  la  edad  t,  t  =  constante  de  tiempo  k  =  constante  de  veloctdad  de 
crecimiento)  a  las  corvas  para  la  ballena  azuU  de  aleu  y  boba,  en  la  ibnna  siguienie: 


W«'»-a(l-ta). 


U  -  L«(l  -  e-»**«). 


Macho  de  baUeua  azul: 


L,»25,0(l  -c-wiw+W)) 


Hembra  de  ballena  azul: 


L,  =  26,2(1  -c-ww**»») 


Macho  de  ballena  de  aleta: 


L,- 21,0(1  -  e-"-^'"**^) 


387 


Col  ,  I  im  ed  material 


C.  LOCKYER 


Hemlwa  de  battena  de  aleta:  L,  -  22^5  (1  -  e-^"^*^ 
Macho  de  balfena  boba:  L,  =  14,8  (1  -  e-*'««+««) 

Hembra  de  baUena  boba:  L.  =  15,3  (1  -  e  '"^O 

Los  resultados  obtcnidos  indican  que  la  niodificaci6o  de  la  formula  de  von  Bertalanffy 
hccha  por  I  itvvs  v  Parker  (1968)  para  determinar el  pesos^to la edad  describe bienlascurvas 

estiniadas  dc  crccimicnlo  cn  peso,  l.as  formulas, 

W,  -  W„(l  -  e-w«^ 

(donde  Wg,  ■  peso  corporal  en  toneladas  en  el  mooienU)  de  la  maduiez  (bica,  W,  —  peso  del 
cuerpo  en  ton^das  a  la  edad  t)  son  las  siguienies: 


Macho  de  baOena  azul: 

w. 

102(1 

Hembra  de  baliena  azul: 

w, 

117(1 

Madio  de  baliena  de  aleta: 

w, 

55(1  - 

Hembra  de  baliena  de  aleta: 

w. 

64.5(1 

Macho  de  baliena  boba: 

w. 

18(1  - 

Hembra  de  baliena  boba: 

w. 

19.5(1 

Esias  r6miulas  indican  que  la  estructura  de  crecimiento  dc  los  balenopteridos  no  es 
probablctncnlc  coniplcja.  Las  curvas  csUmadas  dc  aumento  dc  peso  mucstran  que  cl  mayor 
incremento  neto  de  peso  durante  la  vida  de  estos  animalos  sc  produce  durante  el  primer  afio 
despu&  del  nacimiento,  en  el  que  el  peso  aumenia  mis  de  10  veces;  se  observa  tambien  que 
los  animales  de  ambos  sexes  de  las  tres  especies  examinadas  alcanzan  al  menos  el  70  por  cienio 
de  su  pcM)  Je  animales  niaduros  cn  cl  tiuiriiento  de  la  madurez  sexual,  que  se  SUpODC  se 
produce  a  los  5,  6  \  8  afios  dc  edad  para  ij  hallena  a/ul.  de  aleta  v  b<iha.  rcspcctivamente 
Cuniparando  los  datus  sobre  longitud  y  crccimicnlo  apareiiic  dc  halleiias  de  aleta  dc  seis 
7x)nas  distintas  del  AntAltioo  se  observa  una  variacibn.  segun  la  zona,  de  la  talla  media 
m&xima.  I  i  t:i!l;i  cn  cl  momento  de  la  madure?  sexual  y  el  indice  de  crecimiento 

Anali/ando  los  datos  publicados  sobre  devoluciones  dc  marcas  de  ballenas,  vanacion 
estadonal  de  la  abundancia  de  battenas  en  las  zonas  de  caza  y  acumuladdn  de  diatomeas  en  la 
pielde  las  hallcnas  del  Atlantico  dchido  a  Cnccnneh  cfu'(  dn.  rcsulta  que  los  balenopteridos  de 
ambos  scxos  rcalizan  amplias  migracioncs  anualcs,  dcspla/andosc  durante  cl  vcrano  austral 
bacia  el  sur  a  aguas  polares,  y  durante  el  inviemo,  hada  el  norte,  a  latitudes  menores  y  tienden 
a  permanccer  denlro  dc!  mismo  <;cctor  longitudinal  durante  todo  el  ano.  Las  maximas 
densidades  en  el  Ani^riico  sc  alcanzan  cnirc  diciembre  y  febrero  y  en  laliiudes  mcnorcs  en 
tomo  a  junio-agosto.  Parece  que  el  miximode  abundancia  de  ballenas  inmaduras  se  produce 
mas  tardc  que  cl  dc  animates  maduros,  lo  que  parccc  indicar  un  ordcn  jcrarquico  en  los 
movimientos  migratoiios,  que  probablementc  entrana  tambien  diferencias  segun  el  estado  de 
evoluddn  sexual;  la  permanencia  media  en  el  Antirtico  es  de  unos  120  dias.  Se  observa 
tambien  un  ordcn  dc  succsion  en  la  llcgada  dc  las  distintas  especies:  la  baliena  azul  precede  a 
la  de  aleta,  y  a  tsU  sigue  la  baUena  boba,  que  se  desplaza  hada  el  sur,  hasta  los  banoos  de 
hielo,  junto  oon  la  baliena  enana.  En  los  dltimos  afios  ha  habido  buenoa  indicios  de  que  la 
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qiii/as  a  cambios  oceanogrificos  a  largo  plazo,  oon  un  aiunento  de  la  icmpcratura  del  agua.  y 
a  la  rcduccion  dc  la  compcicncia  inlcrespccifica  por  \os  alimcnios  dchido  a  la  disminucion  dc 
uiros  e&pecies  de  balenopteridus.  E^ta  obseiAacion  pucdc  mdicar  quizas  la  exi&tencia  dc  una 
tiiiefTelaci6n  eotre  la  distribuddn.  abundancia  y  movimienlos  migratorios  de  los  ba]enopt6- 
ridos  y  su  dependcncia  do  la  prodincion  y  dc  las  condicioncs  occanograficas, 

Se  examinan  los  dai02>  publicados  sobre  las  vanaciones  esiacionales  del  espesor  de  la 
capa  de  grua  y  te  analizaii  algunos  datos  nuevos,  teniendo  siempre  pieteiiiet  los  movimienlos 
migratorios.  En  la  ballena  a/ul.  de  aleta,  boha  v  jorobada  sc  obsen  a  que  las  hcmbras  prenadas 
soo  excepdonalmenlc  gordas  respecto  a  las  hcmbras  maduras  no  prenadas  y  los  machos 
adultos,  las  hembras  en  lactad6n  son  muy  ddgadas  y  las  fonnas  juveniles  estAn  de  ofdinaiio 
mas  gordas  que  los  machos  adultos  v  las  hembras  no  prenadas  Se  comparan  las  \  ariaciones  de 
peso  de  la  ballena  azul,  dc  aleia  y  jorobada  entre  noviembre  y  abnl.  Para  unii'omiar  los  datos 
sobre  peso  se  utiliza  la  razon  peso  corporal/kmgitud  corporal  en  el  caso  de  la  ballena  jorobada 
y  la  razon  peso  corporal/peso  dc  los  hiicst>s  en  el  caso  dc  las  ballcnas  a/ul  y  dc  aleta.  La  ra/on 
media  en  fundon  del  tiempo  indica  que  la  ballena  jorobada  duplka  su  peso  corporal  durante 
la  temporada  de  alimentaci6n  en  el  Ant&itioo,  mientras  la  ballena  azul  y  de  aleta  registran  un 
engofdedel  SO  y  el  30  por  dento  aproximadamcnic  dc  su  peso  corporal,  aunquc  probabk- 
mcnle  en  esta  ultima  cspccie  el  aumento  es  an^logo  al  dc  la  ballena  azul.  Estas  estimadones 
del  proceso  de  engorde  coinciden  oon  los  datos  correspondientes  a  la  ballena  gris  del  norte  del 
Pacifico  y.  comparadas  con  cl  engorde  de  los  animates  en  hiberaacion  y  las  perdidas  de  peso 
de  varios  animales  durante  las  epocas  dc  hambre.  parecen  ra/onah!c^  I  a  diviFihiicnni  l!c1 
aumento  de  poo  cnlrc  los  distmlos  icjidos  del  cucrpo  dc  ia  ballena  dc  alcia  y  a/ul  sc  calculan 
de  la  misma  fonna  que  el  aumento  total  del  peso  corporal  de  esas  espedes:  el  mayor  aumento 
sc  prmiucc  cn  la  musculatura.  hiego  en  la  capa  dc  crasa.  v  despues  en  las  visccras.  dcbido 
principalniente  a  la  mayor  proporcion  relativa  de  esos  lejidos  en  peso,  mientras  los  mayores 
aumenlos  poicentuales  se  pioducen  en  el  oiden  oonliario. 

Se  gT^ftiiMfi  los  alimcntos  que'oonsumen  en  diferentes  zonas,  llegandose  a  la  conclu- 
sion de  que  cn  genera!  son  oportunistas  v  prcfieren  los  mi^i  Ucos  pl.!ni■I|■^nll.■n>^  i|ik-  %  ivcn  en 
grandes  concenlraciones.  En  agua.s  [H)lares,  la  piuicipal  cspccic  dc  que  ahuKiuan  es 
Euphitusia  superba.  Examinando  los  datos  sobre  la  presenda  y  cantidad  de  alimentos  en  el 
ci^ntenido  de  los  estomagos  de  balenuptcridn^  \c  ohscn'a  que  en  el  .^ntartico  la  aluncntaLion 
ulcanza  un  nivel  de  incidenda  del  85  por  cicnlo  aproximadamcnic  y  la  ingesla  dc  alimcntos 
puede  Uegar  por  tinnino  medio  a  3(M0  g/kg  de  peso  corporal/dia;  cn  latitudes  menores,  el 
nivel  dc  incivlcncia  disminuyc  cn  general  a  mcnos  dc!  5(1  por  ciento  y  probablementc  a  menos 
del  20  por  ciento  en  los  adultos,  y  el  consumo  dc  alimcntos  cs  del  orden  del  10  por  dento  o 
menos  del  piomedio  estivo.  Una  ballena  que  se  alimente  segAn  esos  indices  consumiri  en  un 
aflode  3.-5  a  .'^  \  -CL--^  su  peso  corporal  v  comera  un  proinedio  de  12  g/kg  peso  corporal /tlia  'ano. 
La  alimentacion  dc  las  ballcnas  bobas  que  se  encuentran  en  latitudes  subaniariicas  rcsulla 
menos  estadonal,  oon  una  dieta  m&a  variada.  Se  examinan  los  datos  que  parecen  tndicar  la 
exLstencia  de  un  ritmo  diurno  Jo  .flifTKuracion.  dependiente  de  las  migfaciones  verticales  de 
sus  presas,  y  la  informacion  disponiblc  ^ubrc  indices  dc  digestion 

Se  comparan  las  dimensiones  de  la  boca  de  los  balcnoptendos  y  sc  e.xaminan  los 
aspectos  mtouucos  de  su  alimentaddn.  Las  barbas  de  los  animates  de  las  espccies  de  mayor 
talla  parecen  m^s  coria^  v  c<.irechas  si  se  comparan  con  las  do  atiimales  dc  laiia  equivalenle  de 
las  espedes  menores.  La.s  mandibulas  dc  la  ballena  a/ul,  dc  aleta  y  cnana  ucncn  forma  muy 
similar,  mientras  bs  de  la  baltena  jorobada  y  bdba  son,  respectivamente,  las  mis  anchas  y  mis 
estrechas  de  los  balenoptiridos.  l  os  cdlculos  del  volumen  de  la  ca\  idad  btica!  dc  la  ballena 
azul  y  de  aleta,  basados  en  el  dc  la  ballena  enana,  muestran  que  cuando  sc  alimcnlan  cn  aguas 
donde  la  prodiioci6n  cs  del  orden  de  2 1^/m'  en  tma  banda  de  1,22  m  de  espesor,  el  volumen 
de  la  cavidad  bucal.  filtrado  repetidamente  durante  algunas  horas,  es  suflciente  para  ofrecer 
ima  alimentadon  adecuada.  Es  evident*,  sin  embargo,  que  las  migradones  anuales  hada  las 
aguas  ptoductivas  del  AntArtioo,  donde  sc  encuentian  en  denaidades  mayores  y  cerca  de  la  389 
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wupctGae  lot  eufanioeos  que  necesitan  para  alimentane,  son  esendaks  para  so  superviveo- 

La  propofdAn  del  peso  del  oonzAn  y  los  rifiones  de  los  ceticeos  respecto  al  peso 

corporal  parece  ajustarse  a  la  relaci6n  que  se  encuentra  de  ordinario  en  otros  mamiferos. 
Como  estos  6rganos  estdn  estrechamente  reiacionados  con  el  metabolismo,  es  de  esperar  que 
tambiin  el  indice  de  metabolismo  basal,  Q,  se  ajuste  a  la  idacita  observada  en  otros 
manifeniB: 

(donde  W  >■  peso  corporal  eo  kilogramos).  Se  examinan  tres  m^todos  de  caknlar  la  supetfi- 
cie^  A.  Los  dos  m6todos  mis  prometedores  son  los  de  Party  (1949), 

A  -  11.1  X  WW 

(donde  W  -  peso  ooiporal  en  granoB,  y  A  lesttlu  en  on'),  y  Biody  (1968). 

A-  lOOOx  W«*» 

(donde  W  y  A  se  expresan  en  kilogramos  y  cm^  respectivamentc)  Ambas  formulas  dan 
resultados  muy  pr6xiinos  a  los  datos  observados  de  hecho.  En  un  tcrcer  mdtodo  (Guldberg, 
1907),  sc  supone  que  el  cuerpo  de  las  ballenas  semeja  aproximadamente  a  dos  conos  unidos 
por  sus  extremos  y  se  obliene  un  resultado  de  unos  2/3  de  la  superficie  calculada  per  los  otros 
dos  m6todos.  La  relaci6n  enlre  el  riono  de  pulsaci6n  basal  y  el  peso  corporal  dc  las  ballenas  es 
probablemente  an&loga  a  la  de  otras  mamiferos  y  es  posible  que  se  produzca  bradicardia 
dunntc  la  in menri6n«oomose  ha obseivado en  los  pequefios  mamiferos  marinos.  Elpesodela 
sangre  de  los  misticetos  aduttos,  equivalente  aproximadamente  al  volumcn  dc  la  sangre,  se 
cstima  cn  un  10  por  dento,  aproximadamente,  de  su  peso  corporal.  En  los  datos  publicados,  la 
capncidad  de  oxigenaci6n  de  la  sangre  resulta  variable,  peio  en  general  es  del  oiden  del  2040 
por  ciento  Se  calcula  que  la  capncklad  vital  de  los  oetioeos  rqwesenla  ana  altfsinui  pcopor- 
cion  de  la  capacidad  total. 

Se  examinan  los  datos  dispi^nibles  sobre  indices  de  resoplido  y  tiempo  de  inmersidn  de 
divcrsas  especies  de  ballenas  I  n  Ins  mrcualcs.  cl  indice  dc  resoplido  puede  disminuir  a 
1/mmuto  en  los  animales  en  repose,  aumentando  con  la  actividad;  en  general,  las  ballenas  de 
menor  talla  lesoplan  con  mayor  frecuenda  qoe  las  mayores.  Los  rorcuales  no  parecen 
inmergirse  a  profundidades  de  mis  de  300  m,  a  ju/gar  por  los  dates  puhlicados.  La  estruclura 
de  sueno  y  actividad  de  los  cetaceos  paieoe  poco  dara,  aunque  el  sueno  aparente  se  caracteriza 
por  una  notaMe  disminucidn  del  litmo  icspiraiCMio  y  por  la  adopd6n  de  dderminadas 
posturas  en  el  agua.  Las  ballenas  hien  alimentadas  son  Icntas  y  dan  la  impresi6n  de  estar 
rclajadas  en  su  medio  ambiente,  lo  que  indica  que  quiz^  el  suefio  de  produzca  dcspuds  de  la 
aliinentaci6n  y,  por  tanfo,  es  poaible  que  el  periodo  de  saeflo  est6  deteirminado  por  el  posible 
ritno  diumo  de  la.s  especies  que  les  sirven  de  presa. 

El  indice  meiab61ico  en  repoeo  de  la  baliena  azul  y  de  aleta.  dd  cachaloie  y  de  la  ballena 
hocioo  de  botdia  se  calcula  suponiendo  que  el  oocienie  fespiraforio  medio  es  0,82  y  la 
utilizad6n  del  aire  inspirado  del  10  por  dento  y  que  la  estimaci6n  de  ia  capacidad  pulmonar, 
oon  un  promedio  dd  2.3-2,8  por  ciento  dd  peso  ooiporal.  y  d  ritmo  respinitorio  oorrcsponden 
a  b  observado.  Los  vaioies  pieyistos  para  ns  giandes  celiceos  ooinddin  oon  lo  qne  habila  de 
esperarse  a  partir  de  extra poladones  de  los  datos  correspond ientes  a  los  pequeiios  oeticeos  y 
los  pinnipedos.  Un  cikulo  de  la  eneigia  neoesaria  para  svperar  la  resistenda  nadando  a 
diveisas  veloddades  indica  que  una  mnsculatura  opeiatiwi  de  0,01  hp/libra  (1,64  x  10*  er- 
390    gk»/k£)ooiistitiqfeiiiia  base  vilida  pan  estiniardindm 
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gaslodccncrgia  a  las  vclocidadcs  maximas  dc  cruccro,  utilizandi>  iin  tocficicntc  dc  conversion 
de  1  hp  —  1,54  X  10*  kcal/libra/dia.  El  indke  de  metabolismo  basal  se  cakula  (1)  como  el 
rcsttlu^  de  la  fi^nnula, 

Q  - 

(W  =  peso  corporal  en  kilogramos).  (2)  en  un  85  por  ciento  del  indice  en  repose  y  (3)  en  un  10 
por  ciento  del  indke  en  actividad.  Los  tres  milodos  dan  resultados  notablemente  anilogos, 
aunque  con  el  primero  se  obtienen  en  general  cifras  menoies  que  con  los  otros  dos. 

Se  calcula  el  balance  energ^cico  de  la  ballena  azul  y  de  aleta  en  diversas  fases  de  su 
desarrollo.  La  eficienda  de  crecimiento  (bruia  y  acta)  dismiouye  al  aumentar  ia  edad, 
pasando  desde  un  30  por  ciento  aproxtmadamente  en  los  cachorros  sin  desietar  hasta  un  I  per 

ciento  cuando  sc  accrcan  a  la  edad  adulla.  Las  estiniadones  mas  elevadas  de  la  eficiencia  de 
asimilaci6n,  del  orden  del  80  por  ciento.  podrian  ser  inexactas  debido  a  que  se  han  caiculado 
per  m£todos  indirectos.  La  razdn  entre  el  coasumo  de  energia  en  el  metabolismo  y  la 
alMOrdbndeenergia  en  forma  dc  crecimiento  aumcnta  dc  2: 1,  aproximadamcnic.  a  cam  100:1 
entre  el  nacimienio  \  l;i  fuse  advilta  lo  {]tio  mdii-:)  ijiu*  !.)  eficiencia  relativa  dc  produccion 
disminu\c  diaslicamcnie  con  la  edad.  LI  calculo  del  iialancc  dc  energia  muc.slra  la  nccesidad 
dc  los  aumcnios  cstacionales  de  peso  corporal  (al  mcnos  50  por  ciento)  indicadosmtearriba. 
1  as  hembras  prenadas  necesitan  iin  aumento  del  orden  del  60-70  por  ciento  para  poder 
Mjporiar  el  enorme  consume  de  energia  derivado  de  la  lactaciun.  y  necesitan,  por  tanio,  un 
petiodo  largo  de  alimentaci6n  en  el  Antdrtico:  el  balance  energ^tico  de  las  hembras 
preBadas  s61o  puede  delermtnaise  con  sentido  a  lo  latgp  de  un  cklo  de  dos  afios. 


C  Lockyer 
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introduction 


The  understanding  of  an  ecosystem  with 
its  comfdex  of  plant  and  animal  interactions 
and  the  energy  flow  into,  within,  and  out  of  the 
system,  begins  with  an  intimate  knowledge  of 
the  biology  of  its  components. 

la  me  Antarctic  sea  regions,  d^ned  as 
within  the  limits  of  the  Antarctic  Convergence, 
there  are  reactions  between  residents  and 
migrants,  semi-terrestrial,  marine  and  air- 
borne. Apart  from  the  territorial  aspects,  all 
these  creatures  are  involved  with  each  other 
direcllv  indirectly  via  the  food  web.  In  order 
to  gam  ail  ultimate  overview  of  the  whole 
ecosystem,  each  creature  can  first  be  considered 
in  isolation  as  a  unit  part. 

There  are  five  balaenopterid  species 


which  frequent  the  Antarctic  Ocean  for  a  few 
months  each  year.  These  are  blue,  fin.  sei, 
minke  and  humpback  whales.  Each  of  these 
species  has  its  preference  for  tiining  of  migra- 
tion, proximity  to  ice,  food  and  other  ocea> 
nographic  features,  aUhough  all  species 
overlap  considerably  in  these  aspects. 

The  growth,  development,  migration, 
seasonal  feeding  and  fattening,  metabolism 

and  energy  budgets  for  blue  and  fin  whales 
will  be  discussed  in  detail,  and  comparisons 
with  the  sei,  minkc  and  humpback  whales  will 
be  made  whenever  data  are  available.  It  is 
hoped  that  this  study  will  be  a  useful  lead 
into  more  complex  analyses  of  the  Antarctic 
marme  ecosystem  which  are  needed  for  eval- 
uatingfisheiy  re8ouroes,particularly  krill,  in  the 
southern  ocean.  The  energy  budgets  of  the 
large  whales  form  only  a  small  section  of  the  391 


Copyrighted  matBrial 


C  LOCKYER 


total  Antarctic  energy  cycle,  but  nevertheless, 
the  whales  are  substantial  consumers  of  the 
energy  resources,  and  lake  energy  out  of  the 
Antarctic  system  for  many  months  in  each  year. 


Growth 


Foetal  growth 
Growth  in  Length 

Curves  of  increase  in  length  from  time  of 
conception  have  already  been  constructed  by 
several  autfiofs  for  blue,  fin,  sei  and  humpback 
whale  foetuses,  although  the  information 
given  by  Laws  (1959)  for  blue  and  fm  whales, 
and  by  Gambell  (1968)  for  sei  whales  has  been 
drawn  upon  mainfy  here.  Laws  (1959)  observ- 
ed that  the  foetal  growth  pattern  in  blue,  On, 
sei  and  humpback  whales  is  exponential  after 
about  the  initial  5  months  from  conception. 
The  entire  gestation  period  in  balaenopterid 
whales  takes  about  11  months  according  to 
Mackintosh  and  Wheeler  (I'^^O)  and  Laws 
(1959).  Laws  suggested  thai  ihc  ioeial  growth 
pattern  may  be  influenced  by  the  seasonal 
migratory  and  feeding  habits  of  the  pregnant 
females,  because  the  exponential  growth 
phase  of  the  foetus  coincides  with  the  arr;ival  of 
the  adult  whales  cm  the  feeding  grounds. 

Weight/Length  Relationship 

There  arc  data  on  both  weight  and 
length  for  foetuses  of  blue,  fin,  sei  and  hump- 
back whales.  Nishiwaki  and  Hayashi  (1950) 
calculated  a  formula  tor  estimating  the  body 
weight  of  a  foetus  from  its  length,  in  blue  and 
fin  whales;  their  formula,  converted  to  metric 
units,  is 

W  -20^2x10  *  L"*, 

where  W  =  body  weight  in  kilogrammes,  and 
L  ">  body  length  in  centimetres.  A  formula  for 


sei  whale  foetuses,  based  on  a  sximple  of  134 
weighings  (115  from  the  Antarctic.  19  from 
Durban)  recorded  in  biologists'  logbooks 
at  the  Institute  of  Oceanographic  Sdenoes 
(IOS)t  andcaknlated  usin^themethod  of  least- 
squares  regressicMi  analysis,  is 

W«  I4xl0-*L"'* 

In  many  instances,  large  baleen  whale 
foetuses  have  had  to  be  cut  up  into  two  or  more 
pieces  before  weighing  and  a  proportional  al- 
lowance of  1-2  %  was  made  at  the  weighing  for 
blood  loss.  A  provisional  formula  describing 
the  weight/ length  relationship  in  foetal 
humpbadcs, 

W  =  74x10  ♦L^*'^, 

is  based  on  only  9  weighings. 

Growth  in  Weight 

In  Fig.  1,  curves  for  mean  body  weight 

with  time  from  conception  have  been  con- 
structed for  blue,  tin  and  sei  whales.  I  hese 
curves  result  from  a  comparison  of  length  at 
ace.  and  weight  at  length  curves  from  both 
published  and  unpublished  sources.  Laws 
(1959)  discussed  foetal  growth  in  detail  for 
different  species  with  reference  to  the  theoiy  of 
Huggett  and  Widdas  (1951),  which  was  that  a 
relationship  existed  between  gestation  time 
and  body  weight.  Laws,  however,  because  of 
inadequate  foetal  weight  data,  modified  the 
Huggett  and  Widdas  method  to  enable  him  to 
test  for  relationship  between  gestation  time 
and  body  length.  The  original  formula  was 
W"'  »  a  (t  -  to),  where  W  »  body  weight  in 
g,  a  =  growth  velocity  constant,  t  ■=  time 
constant  in  days  since  conception  prior  to  the 
linear  growth  phase,  I  =  time  in  days  since 
conception.  The  modification  of  Laws  was 
L  =  a  (t  - 1  ),  where  L  =  body  length  in  centi- 
metres. Laws  a.ssumed  a  cubic  relationship 
between  weight  and  body  length,  recognizing 
that  the  values  of  to  cakulaled  using  length 
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Months  from  conception 

Fici.  1.  -  Predicted  growth  in  weight  with  time  for  Mue.  fin 
and  sei  whale  Ibeiuses. 


might  difTer  from  those  using  weight,  because 
of  an  imperfect  cubic  weight/length  relation- 
ship. In  fact  the  weight/length  relationships 
discussed  in  the  previous  section  indicate  that 
the  exponent  of  length  is  more  probably  be- 
tween 23  and  3.0. 

Laws  (1959)  found  that  the  modified 
Huggett  and  Widdas  formula  did  not  describe 
bolaenopterid  foetal  growth  wcU,  diielly  be> 
cause  of  die  two-phase  growth  pattern  ooaspic- 


uous  between  abciut  a  month  after  conception 
and  birth.  This  phase  included  an  mitial  short 
linear  phase  followed  by  a  phase  from  the  111  th 
month,  best  described  as  linear  only  when  lo- 
garithms  of  length  were  used.  Gam  bell  ( 1968X 
however,  tbund  that  both  the  initial  phase  and 
the  latter  phase  were  both  Imear  lor  the  sei 
whale.  In  attempting  to  establish  ^liiich  growth 
phase,  if  any.  was  ciescribed  by  the  Huggett 
and  Widdas  formula.  Laws  concluded  that 
balaenopicnd  foetal  growth  was  coniplex,  and 
an  exception  to  the  usual  mammal  pattern, 
and  that  the  growth  phases  appeared  not  to  be 
adequately  described  by  the  Huggett  and 
Widdas  theory. 

Rice  and  Wohnan  (1971)  poinied  out 
that  the  estimates  of  to  calculated  by  Laws  for 
the  initial  growth  pha.se  of  balaenopterid  foe- 
tuses were  too  low  when  compared  with  pre- 
dicted values,  and  were  probably  incorrect 
because  Laws  mistakenly  assumed  an  inverse 
rather  than  a  direct  relationship  between  t^and 
t,  (the  duration  of  gestation  in  days). 

The  evaluated  fonnula,  W"'  a  (t  - 1,^, 
for  each  speeies  shown  in  Fig.  1 ,  wa.s  calculated 
by  plotting  the  cube  root  of  body  weight 
against  time  since  conception.  Unlike  the  plot 
of  body  length  against  tune  since  omoeption, 
the  latter  growth  phase  of  the  foetus  from  the 
fourth  or  fifth  month  onwards  was  reasonably 
descnbed  by  a  straight  line.  The  gradieni  of 
this  line  gave  the  value  of  a,  and  the  point 
where  the  line,  produced  backward,  cut  the 
time  axis  at  W' '  ~  0.  gave  the  value  of  t,^  This 
method  ol  deiernunmg  a  and  l„  is  open  to 
question,  because  doubt  still  exists  as  to  which 
growth  phase  should  be  used  to  determine  the 
growth  constants.  However,  it  is  clear  that  this 
latter  growth  phase  of  balaenopterid  foetuses 
follows  the  Huggett  and  Widdas  theory.  These 
authors  stated  that  an  expected  value  of  t,,  for 

Sestation  periods  of  lOCMOO  days  might  be 
.2x1^  so  that  for  a  whale  with  a  gestation 
period  of  335-360  days,  to  could  be  about  67-72 
days.  The  estimated  values  shown  in  Fig.  1  are 
all  close  to  the  higher  predicted  value  of  to. 
H  uggett  and  Widdas  predicted  values  of  about 
0.S  ror  a  in  large  oetaoea,  and  in  fact,  this  393 


Copy  righted  material 


C  LOCKYER 


estimate  seems  reasonable  with  reference  to 
the  values  of  a  for  blue  and  fin  whales  in  Fig.  1 . 
The  values  of  a  given  in  Fig.  1  are  also  close  lo 
esdmales  given  by  Fruser  and  Huggett  (1974) 
who  listed  values  of  0  58,  0.46  and  0.36  for 
blue,  fin  and  sei  whales  respectively.  This 
means  that  balaenoptehd  whale  foetuses  have 
the  U^est  growth  rate  of  aO  mammals  (Hag- 

fett  and  Widdas,  1951:  Frazer  and  Huggett, 
974),  Rg.  1  shows  the  phase  of  very  rapid 
erowth  aiier  the  fifth  month,  already  observed 
by  Laws.  It  should  be  noted  that  the  actual 
near-term  and  birth  weights  are  not  as  aoCQ- 
rate  as  the  intermediate  values,  mainly  becau- 
se of  lack  of  data. 


Post-natal  growth 
Lengfft  and  Age 

There  are  two  main  types  of  growth  oc- 
curring in  an  animal,  that  concerned  with  de- 
velopment and  dififetentiatioii,  and  that 
involved  in  maintenance  and  tissue  repair.  In 
the  young  animal  growth  is  conspicuous.  The 
creature  gains  in  weight  and  voliime,  and  its 
dimensions  change. 

In  Fig  2,  the  possible  variations  in  body 
proportions  durmg  growth  and  development 
are  shown.  The  kngth  of  a  particular  part  of 
the  body,  1,  is  plotted  as  a  proportion  of  total 
body  length,  L.  A  positive  trend  indicates  that 
the  region  under  consideration  is  of  greater 
relative  size  in  larger  than  in  smaller  animals. 
Conversely,  a  negative  trend  indicates  the  op- 
posite growth  relationship.  Because  size  is  gen- 
erally dependent  on  age,  growth  trends  and 
changes  can  be  correlated  with  development 
from  juvenile  to  adult.  Complex  growth  pat- 
terns may  be  obsen.  cd  where  a  combination  of 
trends  occurs.  Sometimes  changes  in  growth 
patterns  in  mammals  can  be  correlated  with 
puberty  (Brody.  1968),  and  the  overall  trend 
may  be  a  resultant  of  several  values  of  K,  the 
coeflicient  of  proportionality,  having  both  pos- 
itive and  native  values  at  dilTerent  phases 
of  growth. 


log  L 

KiCi.  2,  —  Diagram  showing  the  pos.siblc  variations  in  body 
proportions  dunog  growth  and  developmenl;  L  -  loulbody 
length,  and  I  *  length  of  the  body  part  being  compared. 


Mackintosh  and  Wheeler  (1929)  and 
Matthews  (1937,  1938)  used  the  same  system 
and  notation  for  taldng  external  measure- 
ments in  blue,  fin,  humpback  and  sei  whales. 
Five  of  theiir  measurements  have  been  used 
and  compared  here  as  fdlows.  (Tluy  are  the 
most  relevant  to  <yvera]l  growth  in  body  di- 
mensi<His): 

(1)  total  body  length  from  the  tip  of  the 
snout  to  the  notch  between  the  tail  flu- 
kes; 

(2)  severed  head  length  from  the  tip  of  the 
snout  to  the  occipital  condyles; 

(3)  skull  width  at  the  widest  part; 

(4)  post-anal  length  (anus  to  Uie  notch  be- 
tween the  tail  Hukes); 

(5)  depth  of  the  tail  below  the  dorsal  fin 
(measure  of  girth). 

In  Figs.  3, 4,  5  and  6,  these  body  dimen- 
sions have  been  plotted  logarithmically  as 
percentages  of  total  body  length  for  whales  of 
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various  sizes  Data  from  South  Africa  and 
South  Georgia  have  been  combined,  because 
they  are  very  similar,  but  the  sexes  have  been 
kept  separate  in  each  species. 

Fig  3  shows  that  linear  growth  relative 
to  body  length  in  blue,  fm,  sei  and  humpback 
whales  ul  both  sexes  has  a  negative  trend  m  the 
posterior  regicMi  of  the  body.  Fig.  4  shows  that 
there  is  a  positive  trend  in  the  anterior  region, 
although  this  is  not  clear  in  sei  whales.  Overall, 
the  relative  growth  in  the  anterior  and 
posterior  r^kms  tends  to  balance  out,  the  net 
cfTect  being  isometric  with  increase  in  body 
length.  No  direct  measurements  of  the  trunk 
region  arc  available,  but  presumably  the  rela- 
tive growth  of  the  trunk  is  isometric  with 
increase  in  body  length. 


Skull  width  in  blue  and  fin  whales  ap- 
pt'iifN  to  increase  relatively  more  than  body 
iciigih  in  Ir  ig.  5,  although  in  sei  whales  there  is 
no  dear  traid,  and  in  humpbadcs  the  trend  is 
negative.  TTie  relative  growth  in  girth 
posteriorly  is  also  variable,  being  different  for 
the  sexes  as  well  as  the  species,  with  reference 
to  blue  and  fin  in  Fig.  6. 

The  overall  growth  pattern  emerging  in 
all  four  species  and  in  both  sexes,  is  that  shape 
alters  with  increase  in  body  length,  and  that 
the  region  of  greatest  growth  activity  and  ex- 
pansion  Ls  the  head.  This  may  be  a  reflection  of 
the  great  food  requirements  of  the  older  and 
larger  whales  whose  jav\s  niusi  accommodate 
the  continuously  growing  plankton  sifting  ap- 
paratus, the  baleen  plates.  Mackintosh  and 
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Rg.  4.  -  Rdalive  growth  in  kngth  in  the  anterior  region  of  tlie  body  of  blue,  fin,  sei  and  iiumpbadt  whales. 


Wheeler  (1929)  and  Matthews  (1937,  1938) 
have  previously  plotted  these  data  and  pomted 
out  these  growth  featiures  for  the  separate  spe- 
cies, but  comparisons  between  spoaes  have 
not  been  made  before. 

Growth  in  terms  of  absolute  age  and 
total  body  length  is  shown  in  Figs.  7,  8  and  9 
for  blue,  fin  and  sei  whales.  Allometric  growth 
with  age  in  humpback  whales  is  not  yet  fully 
known  because  absolute  in  diis  spedes 
cannot  yet  be  determined  with  certainty. 


Estimated  growth  curves  for  blue  whales, 
shown  in  Fig.  7,  are  based  on  published 
data  in  Mackintosh  and  Wheeler  (1929),  Mac- 
kintosh (1942).  Ruud,  JonscArd  and  Ottc- 
stad  (1950),  Laws  (1959,  1961)  and  Purves  and 
Mountford  (1959),  and  on  additional  unpubl- 
ished data  for  388  females  and  16  males, 
collected  between  1930  and  1961  by  the  Dis- 
covery Committee  and  the  lOS.  The  most 
usual  method  of  age  determination  in  blue 
whales  was  from  annual  lidge  counts  in  the 
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Fig.  5.  -  Growth  m  skull  width  relative  to  body  length  in  blue,  fin.sei  and  humpback  whales. 


baleen  plates  (Ruud.  Jonsgdrd  and  Ottestad. 
1950),  which  are  reliable  only  for  juvenile 
whales  in  which  the  baleen  has  not  worn  ap- 
preciably. Recent  data  for  20  females  and  16 
males  include  layer  counts  in  the  ear  plug,  a 
keralinized  tissue  in  the  external  auditory 
meatus.  The  core  of  the  ear  plug  contains 
alternating  light  and  Jark  laminae  which 
continue  to  form  from  the  basal  epithelium 
throughout  life.  These  laminae  are  thought  to 
form  seasonally  in  a  similar  manner  to  the  ear 
plug  tissue  of  fin  whales,  where  a  light  and 
dark  lamina  together  arc  known  to  constitute 
an  annual  growth  layer  (Roe,  1967,  1967a). 


Furthermore,  the  study  h\  Nishiwaki  (1952) 
on  the  baleen  plates  from  blue  and  tin  whales 
showed  tliat  in  both  species  ridges  form  annu- 
ally. Because  baleen  plate  lidges  and  ear  plug 
growth  layers  correspond  exactly  in  juvenile 
fin  whales,  by  analogy  it  would  seem  logical  to 
assume  tiiat  the  same  would  be  true  for  blue 
whales.  The  age  readings  from  these  36  blue 
whales,  using  ear  plugs,  support  previous  esti- 
mates of  age  at  sexual  maturity  by  Ruud, 
Jonsgdrd  and  Ottestad  (1950)  and  Nishiwaki 
(1952)  as  5  vears 

Ovarv  (ihservalions  are  available  for  a 
further  368  temaies  for  which  the  corpora  397 


oL^^y lighted  material 


BLUE  WHALES 


n- 


"8  H 


8 


218  females  • 
237  moles  o 


8  o 


o 


•  o 


o    •  • 


■        I      I      I  1     r    I  r— I — I — I — I — I — r 

U         16       18      20     22     24  26 

Body  length  (metres) 


FIN  WHALES 


s 

\> 

11- 

i 

10- 

o 

t 

9- 

9 

8- 

2 

132  femaia*  • 
267  malM  o 


•  8 


o  • 


o  o 


5 1      I      I  I — I — — I    I    I  I — r-r 
14         ]6        18      20     22  24 


Ho.  6. 


Body   length  (metres) 

Growth  in  ^rth  relative  to  body  length  in  blue  and  I'm  whales. 


flighted  material 


BAl.KKN  WHA1.KS  FROM  THE  SOUTHHRN  HtMISPHBRK 


Ol    I    I    I    I    I   I    I    I   »    I   I    I    I    I    I    I    I    I    I  I'O 

AGE  IN  VEARS  • 

Fig.  7.  -  Mean  body  length  with  age  in  Southern  Hemi- 
iphMe  Mue  whaks. 


number  gives  an  estimate  of  relative  age.  Pe- 
ters (1939),  Laiiiie  (1937),  Mackintosh  (1942) 
and  Rnnd,  JbnsgM  and  Ottested  (1950)  gave 
estiniates  of  ovulation  rates  of  about  one  cor- 
pus per  year,  which  seems  rather  high.  This 
impUes  that  all  females  experience  an  ovula- 
tion in  the  second  year  of  their  hiceding  cycle 
during  which  gestation  lasts  about  11  months 
and  lactation  about  6-7  months. 

Gambell  (1968,  1973)  found  that  the 
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incidence  of  post-partum  ovulations  arc 
17.9  %  and  11.1  %,  and  incidences  of  postlac- 
tation  ovulations  are  39  %  and  12.5  %  in  fin 
and  sei  whales  respectively.  Chittleborough 
(1954)  found  18%  of  postlactation  phase 
humpback  whales  were  ovulating.  Gambell 
(1968)  suggested  that  the  higher  incidence  of 
ovulation  in  fm  and  humpback  whales  might 
be  explained  by  the  fact  that  they  were  sub- 
jected to  the  pressures  of  over-fishing  before 
the  sei  whales.  Blue  whales  have  been  grossly 
over-exploited  and  so  a  high  Incidence  of 
post-partum  and  post-lactation  ovulations 
might  also  be  expected.  However,  Laurie 
(Purves  and  Mountford,  1959)  amended  his 
earlier  estimate  of  one  corpus  per  0.88  year 
and  claimed  that  this  is  the  ovulation  rate  per 
breeding  cycle  and  that  the  true  rate,  allowing 
for  pregnancy  and  lactation,  is  one  corpus  per 
1.44  years,  Lockyer  (1972)  found  that  the 
ovulation  rate  in  fm  whales  was  1  per  1.43 
years.  Because  blue  and  fin  whales  are  so  sim- 
uar  in  physiology  and  ecology,  and  are  dosely 
relatea,  Laurie's  revised  ovulation  rate  has 
been  accepted  as  being  more  likely  than  eailier 
estimates. 

In  Fig.  7  the  length  at  weaning  in  calves 
of  both  sexes  has  been  determined  from  an 
analysis  of  63  blue  whales.  All  the  data  were 
collected  between  1930  and  1960  chielly  at 
South  Georgia  or  off  South  Afiica.  The  pres- 
eooe  or  abtmoc  of  milk  and  other  foods  in  the 
stomach,  parasites  in  the  gut.  and  type  of  fae- 
ces were  noted  in  estimating  length  at  wean- 
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ing.  The  length  at  weaning  is  in  fair  aprecmcnt 
with  that  implied  by  Mackintosh  and  Wheeler 
(1929). 

The  growth  up  to  the  end  of  the  second 

vear  of  life  was  estimated  from  an  analysis  of 
nuuithlv  length  data  for  211  juveniles.  In  this 
way  It  was  possible  lo  di:>imguish  first  and  sec- 
ond-year  animals,  althou^  the  veiy  )ioung 
animals  of  less  than  14  m  length  were  rather 
scarce. 

The  length  at  age  curves  for  fin  whales  in 
Antarctic  Areas  n  (Cr-6(rW)  and  ill  ((T-TTE) 

have  been  recently  revised  on  the  basis  of  a 
reassessment  of  the  age  at  sexual  maturity 
(Lockyer,  1972).  The  fin  whales  in  these  areas 
seem  to  attain  sexual  maturity  at  an  earlier  age 
than  that  previously  estimated.  Laws  (1962) 
suggested,  and  Lockyer  (1972)  found  that  fin 
whales  are  now  also  growing  faster  so  that  the 
growth  curve  age  scale  has  been  shortened. 
The  Icruuh  at  age  curves  for  fin  whales  shown 
in  Fig.  8  are  based  on  the  recent  age  at  sexual 
maturity  of  6  years  for  catches  in  the  sixties. 

The  methods  used  to  determine  age 
include  counting  the  layers  in  the  ear  plugs. 
Each  annual  growth  layer,  as  already  men- 
tioned, consists  of  a  pale  fatty  and  dark  kera- 
tinized  lamina  (Roe,  1967,  t967a).  Ovarian 
corpora  counts  have  also  been  ased  for  fe- 
males, on  the  basis  of  an  ovulation  rate  of  one 
every  1.43  years  in  Areas  11  and  111  (Lodcyer, 
1972;  Gambell,  1973).  The  curve  shown  here 
involves  onlv  length  at  age  data  from  1960 
onwards,  for  828  females  and  548  males  col- 
lected fioni  South  Georgia,  Antarctic  Areas  11 
and  III  and  Durban.  The  curves  have  been 
adjusted  to  some  extent  in  the  early  years  to 
correct  tor  tlic  fact  that  the  mean  size  at  age  is 
biased  to  the  huger  whales,  because  of  the 
minimum  size  limits  of  55  ft  at  land  stations 
and  57  ft  on  pelagic  factories  imposed  by  the 
Iniernational  Whahng  Commission  (IWC) 
(1952, 1955). 

Length  at  age  curves  for  sei  whales  have 
been  constructed  from  data  collected  at  Dur- 
ban, between  1960  and  1%5  inclusive  (Lock- 
yer, 1914).  The  original  sample  sizes  for  the 
length  at  age  analysis  for  males  and  females 


are  small,  152  and  92  respectively,  so  that  these 
curves  may  be  less  reliable  than  for  other  spe- 
cies. There  are  more  data  available  from  the 
AntarctiG,  but  the  Durban  data  have  been 
chosen  for  analysis  because  they  contain  a 
wider  spectrum  of  apes.  Ho%ve\'cr.  onlv  the 
very  large  animals  are  tound  further  south 
(Gambell,  1968).  Therefore,  the  mean  maxi- 
mum sizes  attained  are  likely  to  be  signifi- 
cantly greater  than  those  given  here. 

The  von  Bertalantfy  (1938)  growth 
equation,  desoibing  expected  growth  incre- 
ments and  rates  between  birth  and  physical 
maturity, 

L,  =  U(l  -  e^*-*) 

fits  the  blue,  fin  and  sei  whale  length  at  age 
data  fairly  well  although  not  within  the  early 

eeriod  from  birth  to  year  2.  Here.  L  =  mean 
sngth  at  physical  maturity,  t  =  age  in  years, 
L,  —  length  at  age  t,  t„  =  time  constant, 
k  =  growth  velocity  constant  This  treatment 
of  length  at  age  data  was  developed  lor  de- 
scribing growth  in  fish  rather  than  mammals; 
whales  are  exceptional  in  their  atypical  mam- 
malian appearance.  The  non-agreeinenl  be- 
tween observed  and  mathematical  growth 
curves  in  early  years  is  accentuated  by  the 
bias  to  larger  si/es  in  the  whale  catches,  as 
already  mentioned.   However,  logarithmic 

ptots  of  — ^  with  t  give  good  Unear 

relationships  which  can  be  evaluated  by  least- 
squares  analysis  to     c  the  value  of  k. 

An  important  point  to  note  is  that,  al- 
though data  from  all  regions  of  the  southern 
seas  nave  been  combined  for  blue  whales  in 
order  to  hcmst  the  amount  of  data,  the  growth 
curve  for  tin  whales  onh  applies  lo  Antarctic 
Areas  II  and  III  and  South  Africa,  and  lor  sci 
whales  only  to  South  Africa. 

In  Table  1  the  mean  maximum  body 
lengths,  equivalent  to  von  Bertalanffy's  L^^  are 
estimated  from  fin  whale  data  collected  be- 
tween 1955  and  1969  and  include  measure- 
ments of  length  and  age  by  the  lOS  and  the 


Copyiiylited  matBrial 


BALEEN  WHALES  FROM  THE  SOtHHERN  HEMISPHERE 


I  able  I.    Maviniutn  mean  length  (L  J,  mean  length  it  aennl  naturity  (L«K  and  inuntdiiicly  pn  piifctilal  growth  nics  (dL/il)  for 

southern  fin  whales  in  different  Anlarcllc  Areas 


ANTARCTIC  AREAS 


Sex 

Area  1 

(i2(rw-6(rw) 

Area  II  (60"W-0") 

Area  III  (0  -70"E) 

L« 

dL/d( 

dt/dl 

L. 

u 

dL/dt 

u 

67  J  ft 

a83 

61.0  ft 

6«.5ft 

0.U 

63.5  ft 

67.8  ft 

0.86 

616  ft 

Females 

ft/year 

ft/year 

ft/year 

or 

or 

or 

or 

or 

or 

or 

or 

or 

20.5  m 

18j6m 

20.9  m 

0.26 

19.4  m 

2a7m 

0.26 

19.1  m 

iti  '.  i-.ir 

m/year 

m  /  \car 

72.«)  II 

64.7  ft 

73.3  11 

1.14 

65.5  ft 

73.0  11 

1.13 

65.6  ft 

Females 

n/ycar 

ft/year 

ft/year 

or 

or 

or 

or 

or 

or 

or 

or 

or 

22.2  m 

a29 

19.7  m 

213  m 

0J5 

20.0  m 

213  m 

a34 

2a0m 

m/year 

m/year 

m/year 

Sex 

Af«a  IV  {KTB-IXTB) 

Area  V  (l3(rC-l70''W) 

Ai«a  Vi  (170^-l20nW) 

dL/di 

L„ 

U 

dl./dt 

1  . 

dL/dt 

67.3  It 

0.64 

61.711 

66.6  ft 

0.71 

62.x  (1 

65  .-4  (I 

0.52 

61.  .'^  (1 

Males 

A /year 

ft/year 

ft/year 

or 

or 

or 

or 

or 

or 

or 

or 

or 

20.5  m 

0.19 

18.8  m 

20.3  m 

a22 

19.1m 

19.9  m 

0.16 

18.7  m 

m/year 

m/year 

m/year 

72.5  ft 

a92 

65.6  ft 

71.5  ft 

0.97 

65.6  ft 

71.0  ft 

0.64 

64.5  ft 

Femalei 

ft/year 

f\/ycar 

ft/year 

or 

or 

or 

nr 

iir 

or 

or 

or 

or 

211  m 

a28 

20.0  m 

21.H  m 

U.30 

20.U  ni 

21.6  m 

0.19 

19.7  m 

fli/year 

m/year 

m/year 

Whales  Research  Institute  in  Tokyo.  The 
mean  lengths  at  sexual  maturity  for  fin  whales 
according  to  Ichihara  (1966)  are  also  given. 
The  pre-pubertal  growth  rates  appear  to  be 
higher  in  Areas  II  and  III  compared  with  other 
Antarctic  areas,  and  also  the  values  ot 

Weight  al  Length  and  Age 

Published  data  on  bixiy  weights  for  blue, 
fin.  sei  and  humpback  whales  were  reviewed 
by  Lockyer  (1976).  Weight/length  relation- 
ships for  these  species  are  expunenlial,  and 
pre^usly  published  formulaedescribing  them 
were  derived  by  the  method  of  least-squares 
regression  analysis  of  the  logarithmic  values  of 


weight  and  length.  The  logarithmic  form  of  the 
weight/ length  equation  is 

logioW  =  bk>g„L  +  logwE 

although  it  is  nearly  always  expressed  in  the 
form 

W  -  a  L\ 

where  W  =  body  weight,  L  =  body  length, 
b  =  exponential  constant,  a  =  constant  fac- 
tor. Lockyer  (1976)  gave  numerical  fornnitae 
for  these  four  species,  based  on  selected  actual 
weights,  and  adjusted  the  formulae  to  allow 
for  about  6  T  observ  ed  hlooc!  and  fluid  loss 
during  Iknsing  lor  the  piccc-mcal  weighings.  401 
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These  formulae  are  given  in  Fig.  9,  where  they 
accompany  a  graphical  illustration  of  the 
w«^t/length  rdatkMidiip  for  blue,  fin,  sei 
andhumpbadc  whales. 


Growth  in  Weight 

No  ages  were  recorded  for  the  animals 
weired,  and  in  any  case,  these  might  not  be 

very  useful  because  of  the  variations  likely  in 
such  a  small  number  of  weighed  specimens. 
However,  a  weight  at  age  guide  can  be  con- 
structed fiom  a  cnMS-4efcfenoe  between 
weight/length  and  length/age  curves. 


Sod^  Ungth  in   English  fMt 


Body   langrh  in  RMtfM 

Flo.  10.  -  Body  weight  at  length  in  blue.  ria.set,inilllK  and 
humpback  whales  (after  Lockyer,  1976] 
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AGC  IN  YEARS  » 

Fig.  II.  -  Predicled  growth  in  body  wei]^i  with  age  for 
southeni  hcnittphere  blue  whale*. 


Figs.  11,  12  and  13  show  the  estimated 
body  growth  in  weight  with  time  for  blue,  fin 
and  sei  whales  respectively.  These  curves  are 
based  on  the  length /age  curves  shown  in  Figs. 
7, 8  and  10,  substituting  the  weight  at  each  age 
tising  the  formulae  given  in  Fig.  9.  Because  of 
the  lack  of  precise  information  on  age  in 
humpbacks,  the  construction  of  curves  of 
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AGE  IN  YEARS  » 

Fig.  12.  Predicted  growth  in  body  weight  with  age  fo»fin 
whales  from  Antarctic  Areas  II (V-tiOnV) and  lll(0*-10E)^aBd 
Durban,  South  Africa. 
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Fto.  13.  -  Predicied  growth  in  body  weight  with  age  for  sei 
wbales  fkom  Durban,  South  Aftka. 


yet  fit  well  later.  Both  the  length  and  cubic 
weight  BertalanfTy  formulae  serve  to  illustrate 
that  the  pattern  of  growth  in  balaenoptend 
whales  is  probably  simple,  and  not  a  complex 
one  such  as  is  observed  in  some  other  mam- 
mals; for  example,  male  elephant  seals  (Laws, 
1953),  and  male  sperm  whales  (Best,  1970), 
where  the  male  commences  a  new  phase  of 
growth  after  puberty.  This  growth  spurt  in 
these  two  species  is  associated  with  social  ma- 
turity or  attainment  of  harem  status.  Ihe  bulls 
grow  larger  than  the  co^  the  opposite  of 
the  situation  in  balaenopterids  for  whom 
monog^y  is  more  common  than  polygamy. 


grow  th  in  weight  with  time  is  not  possible  for 
this  species  except  on  a  relative  scale. 

The  chief  features  of  the  curves  in  Figs. 
11  to  13,  are  firstly,  that  in  the  initial  year  of 
post-natal  life  the  body  weight  increases  more 
than  tenfold,  which  represents  the  largest  net 
gain  in  weight  during  the  entire  life  phase; 
secondly,  that  at  puberty  the  animal  has 
reached  between  70  %  and  75  %  of  the  mature 
body  weight  in  blue  and  fin  whales,  and  over 
75  %  in  sei  whales.  These  values  are  high  in 
comparison  with  those  for  terrestrial  mammals 
where  between  30  %  and  75  %  of  mature  hodv 
weight  is  attained  at  puberty,  for  example, 
cattle,  sheep,  chimpanzee  and  man  (Brody, 

I  %8),  and  African  elephant  (Laws  and  Parker, 
1968). 

Laws  and  Parker  ( 1%8)  used  a  multiple 
of  the  von  BertalanfTy  formula, 

W,-  W.(l  -c^«'*-)\ 

where  W„  >  body  weight  at  physical  matur- 
ity, W,  =  body  weight  at  time  t,  to  describe 
mowth  in  body  weight  with  time  in  elephants. 
The  body  weight  is  related  to  the  cube  of  body 
length,  and  in  the  formula  the  exponential  is 
cubed.  This  type  of  formula  is  shown  in  Figs. 

II  to  13.  However,  as  in  the  length  at  age 
analysis,  the  mathematical  curves  of  weight  at 
age  m  whales  do  not  fit  the  estimated  curves  of 
body  weight  with  age  in  the  veiy  eariy  yeais, 


Correlation  of  seasonal  feeding  migra- 
tion and  variatiou  in  Mnkftcr  fUckMss 
and  body  we^t 


Migration 

Evidence  from  iVhtUe  Marking 

The  seasonal  migration  of  balaenoptend 
whales  in  the  Southern  Hemisphere  has  been 
demonstrated  by  several  methods  The  most 
direct  and  reliable  method  is  that  employing 
whale  marking  and  recapture.  The  Discovery 
Committee  initiated  the  marking  schemes  and 
since  the  thirties,  marking  programmes  have 
continued,  the  marit  placement  and  recaptiure 
data  being  published  from  time  to  time. 

Rayner  (1940)  gave  mark  return  data  for 
blue  and  fin  whale.s,  which  showed  that  from 
South  Georgia  these  species  tend  to  migrate 
several  hundred  miles  south  and  southwest 
during  the  whaling  season  in  the  summer 
months  Mark  returns  from  other  Antarctic 
regions  showed  that  movement  south  up  to  900 
miles  is  not  unusual  during  the  southern  sum- 
mer, and  the  whales  tend  to  follow  the  re- 
treating pack-ice  edge.  Rayner  pointed  out 
that  longer-term  mark  recoveries  show  that 
whales  returned  Id  virtual^  the  same  kmgitn- 
dinal  sector  of  the  Antarctic  in  which  the  ani-  403 
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mals  were  marked,  perhaps  several  years  pre- 
viouslv  Often  the  whales  appear  to  be  in  the 
same  company. 

Mark  recoveries  also  show  that  move- 
ments occur  northward.  For  fin  and  hump- 
back whales  Rayner  presented  evidence  that 
some  individuals  had  migrated  northward 
between  latitudes  65*^  and  22*^,  distances  of 
weQ  over  a  thousand  miles. 

Brown  (1954),  in  a  review  of  whale  mark 
recoveries  in  the  Southern  Hemisphere,  con- 
fined all  that  Rayner  had  stated  tot  blue  and 
fin  whales.  Furthermore,  he  was  able  to  de- 
monstrate that  marked  whales  were  recovered 
trom  the  same  area  of  marking,  and  at  the 
same  time  of  year,  17  years  alter  markmg. 
Generally,  Brown  concluded  that  dispersion 
on  the  feeding  grounds  does  noi  exceed  50"  of 
longitude  east  or  west  Irom  the  original  loca- 
tion of  marking.  Brown  also  demonstrated  that 
fin  whales  marked  off  Brazil  in  winter  were 
later  killed  off  South  Georgia  in  the  summer. 
Thus,  the  movement  between  latitudes,  first 
described  by  Rayner,  was  found  to  be 
two-way,  suggesting  migratoiy  behaviour  in 
these  whales. 

Brown  (1957)  and  Dawbm  (1959)  both 
gave  the  same  details  of  the  mark  recovery  in  a 
humpback  whale  which  was  caught  in  the 
Antarctic  in  68  S,  but  marked  in  218  off  New 
Zealand.  Cliittleborough  (1959)  also  gave 
information  showing  diat  not  only  did  hump- 
back whales  move  between  Antarctic  and 
sub-tropical  latitudes,  but  that  this  migration 
can  occur  within  a  few  months.  In  January 
1954,  a  tin  containing  a  message  was  thrown 
overboard  in  64  "5'S.  and  bv  chance  was  swal- 
lowed by  a  humpback  which  was  later  killed 
off  west  Australia  in  June  1954,  when  the  ob- 
ject was  recovered  from  the  intestine. 

Brown  (1959.  1960.  1961.  1962,  l?62a. 
1962b,  1966)  gave  mark  recovery  data  for  ba- 
laenopterid  whales,  chiefly  fin  and  humpback, 
which  showed  that  these  animals  migrated 
between  20"  and  30"S,  and  50'^  and  65' S 
within  a  few  months,  most  probably 
seasonally.  The  mark  returns  showed  that  the 
404   same  migration  pattern  was  likely  for  both 


sexes.  Little  information  is  available  for  sei 
whales,  but  some  mark  return  data  tends  to 
show  that  sei  whales  migrate  seasonally  (Lo- 
ckyer,  1974). 

Dawbin  (1964)  published  mark  recovery 
data  for  humpback  whales.  From  a  number  of 
marks  returned  within  a  year,  he  concluded 
that  it  was  evident  that  these  animals,  marked 
in  the  Antarctic  during  the  summer,  had  mig- 
rated north  for  the  winter  months  when  they 
were  captured  off  New  Zealand.  Thus  the 
whaling  grounds  off  South  Africa,  South 
America,  Australia  and  New  Zealand  could  be 
linked  with  the  relevant  Antarctic  whaling 
grounds.  Also,  the  humpbacks  observed 
swimming  in  sdiools  along  the  coasts  of  Aus- 
tralia and  New  Zealand  regularly  each  year 
(Dawbin,  1956,  1966),  could  now  be  consider- 
ed to  be  passing  through  on  their  migration 
routes.  The  general  pattern  of  migration  was 
therefore  seen  as  a  northerly  autumn  move- 
ment and  a  southerly  spring  movement. 

Evidence  Jhm  Seasonal  VariatiiMS  in 
Whale  Density 

Record;*  kept  of  monthly  abundance  of 
whales  from  sightings  and  catches  on  the 

vvhnlinL'  tirounds  show  that  the  numbers  of 
baiaenopterid  whales  present  in  the  Antarctic 
mcrease  during  the  summer  (Mackintosh  and 
Wheeler,  1929;  Harmer,  1931;  Matthews, 

1937,  1938:  Mackintosh  and  Brown.  1956; 
Mackintosh,  1965:  Ciambell,  1968).  These  au- 
thors and  Mackintosh  (1942)  also  gave  evi- 
dence that  the  percentage  of  immature  whales 
increases  as  the  summer  season  progresses  and 
that  the  relative  abundance  of  adult  males, 
resting,  pregnant  and  lactating  females  also 
varies  with  the  month.  Dawbin  (1966)  showed 
that  humpback  whales  migrate  south  in  an 
orderly  procession,  according  to  maturity  and 
sexual  status.  Pregnant  females  are  usually 
seen  to  pass  through  first  when  swimming 
south,  and  .ilsti  seem  to  be  the  last  in  the  north- 
erly migration  at  the  end  of  (he  Antarctic 
summer. 

This  order  of  migration  appears  to  be 


lighted  material 


BALEEN  WHALES  FROM  THE  SOUTHERN  HEMISPHERE 


reflected  in  the  pattern  of  arrival  in  the  Ant- 
arctic, and  would  fit  in  with  the  information 
found  by  Mackintosh  and  Wheeler  (1929), 
Laurie  (1937)  and  Mackintosh  (1942)  for  blue 
and  fin  whales,  and  by  Matthews  (1937)  for 
humpback  whales,  and  Matthews  (1938)  and 
Gambell  (1968)  for  sci  whales.  Similarly,  Ka- 
wamura  (1974)  showed  that  variations  in  sea- 
sonal abundance  of  sci  u  hales  in  different  la- 
tilDdcs  reflects  their  tendency  to  move  south 
during  the  southern  summer  to  feed  in  the 
Antarctic  waters.  Sei  whale  abundance,  howe- 
ver, tends  to  reach  a  peak  rather  later  than  blue 
and  fin  whales  (Harmer,  1931;  Matthews, 
1938;  Nemoto,  1962). 

The  blue  whales  generally  reach  peak 
abundance  earlier  than  Hn  in  the  Antarctic, 
and  Fig.  14  gives  an  analysis  of  the  cumulative 
percentage  of  the  catch  of  each  of  these  spe- 
cies, both  adult  and  juvenile.  1  he  data  are 
taken  from  the  logbooks  kept  by  the  Discovery 
Committee,  now  held  by  the  l6s,  for  the  sea- 
sons between  1925  and  1931  inclusive.  During 
this  period  no  restrictions  were  enforced  as  to 
the  length  of  the  whaling  season,  or  the  size  or 
sex  of  the  whales  caught.  Adults  and  juveniles 
in  Fig.  14  were  broadly  classified  according  to 
size:  for  blue  whales,  females  >  23.5  m  and 
males  >  22.5  m  were  considered  adult;  for  fin 
whales,  females  >  20.0  m  and  males  >  19.4  m 
were  consideied  adult.  These  sizes  are  based 
on  the  lengths  at  puberty  shown  in  Figs.  7  and 
8.  Figure  14  also  shows  that  the  juveniles  reach 
peak  abundance  in  the  catches  about  half  to  a 
rati  month  later  than  the  adults. 

There  is  good  evidence  from  Nemoto 
(1962),  BannLster  and  Gambell  (1965)  and 
Gambell  (1968)  that  sei  whales  have  altered 
theirtiming  of  migration  in  recent yeais.  Since 
the  late  fifties,  sci  whales  have  been  observed 
to  reach  peak  abundance  in  January  rather 
than  March  as  originally  observed  in  the  thir- 
ties by  authors  such  as  Harmer  (1931)  and 
Matthews  (1938).  Speculatively,  this  may  be 
connected  with  the  rapid  diminution  of  blue, 
fm  and  humpback  whale  species  (Nemoto, 
19^;  Lockyer,  1974).  These  species  are  all 
known  to  feed  on  Etqfhamia  st^rba  which  the 
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sei  whale  also  consumes  (Brown.  1^68)  when 
south  of  the  Antarctic  Convergence  (Kawa- 
mura,  1974).  Water  temperature  is  dosely 
linked  with  food  availabiUty,  paiticulariy  in  405 
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polar  waters  (Mackintosh,  1972,  1973),  where 

there  may  be  long-term  cyclical  changes  in 
weather  conditions  which  could  affect  pro- 
duction. 

Kemp  and  Bennett  (1932)  found  that 
blue  and  fin  whales  could  to  some  extent  be 
mutually  exclusive  according  to  their  prefer- 
ence for  different  environmental  conditions. 
Certainly  blue  whales  seem  to  travel  further 
south  than  fin  whales.  Ohsumi,  Masaki  and 
Kawamura  (1970)  found  that  minke  whales 
abo  tend  to  migrate  right  to  the  ice  edge.  Har- 
mer  (1931)  found  that  during  a  season  when 
fin  whales  were  in  good  abundance,  blue 
whales.were  in  poor  abundance,  and  ihut  this 
situation  ooirid  be  levetsed  in  other  seasons. 
He  found  that  this  inverse  abundance  rela- 
tionship was  correlated  with  the  September 
(sprmg)  temperature  in  the  Antarctic.  He  also 
noted  that  during  seasons  of  good  abundance 
of  fin  whales*  the  animab  were  often  relatively 
lean. 

Nemoto  (1959,  1962)  and  Kawamura 
(1970, 1974)  showed  that  water  temperature  is 

imjwrtant  in  the  pattern  of  distribution  and 
migration  of  sei  whales  Significantly,  these 
authors  found  that  the  lood  type  of  the  sei 
whale,  wiasAi  is  more  sub>Antarctic  in  habit, 
varied  according  to  the  temperature  and  lati- 
tude, and  that  moving  southward  toward  the 
Antarctic  Conv  ergence,  copepods  of  the  genus 
OUanus  were  disfriaoed  by  Et^tkmaia  wtttenti' 
ni  and  Parathemisto  ^audichaudi.  and  by  F.u- 
phausia  superba  in  the  true  polar  waters.  The 
whales  appeared  to  feed  opportunistically  on 
whichever  food  species  was  most  prevalent  in 
the  area.  Nemoto  (1962)  reviewed  data  on 
food  habits  of  other  balaenoplcnd  whales  and 
mentioned  that  blue,  pigmy  blue  and  fm 
whales  have  been  observed  to  take  Euphausia 
vallentini  and  Parathemisto  ^audichaudi  off 
Kerguelen  and  Crozet  Islands,  and  in  areas 
south  of  New  Zealand,  outside  the  Antarctic 
Convergence.  Ohsumi,  Masaki  and  Kawamu- 
ra (1970)  found  that  minke  whales,  like  sei 
whales,  take  calanoid  copepods  in  the 
sal»-Antarclia  Tbe  overall  pietuiie,  therefore, 
406   is  that  die  feeding  habits  of  rorquals  tend  to 


oveiiap  when  the  dififefmt  niiale  qwdes  are 

all  present  in  the  same  area.  This  raises  the 
important  consideration  that,  during  relatively 
warm  summer  seasons,  more  sei  whales  than 
usual  will  penetrate  high  latitudes  frequented 
by  the  blue,  fin  and  minke.  On  the  other  hand, 
in  relatively  cold  summers  when  blue,  fm  and 
minke  whales  are  unable  to  migrate  far  south 
because  of  sea-ice.  some  animals  may  be  forc- 
ed to  take  the  food  type  present  in  lower  An- 
tarctic latitudes  along  with  the  sei  whales.  Ne- 
moto (1959)  discussed  the  former  possibility, 
and  noted  that  m  1957  and  1958  the  early 
January  peak  abundance  of  sei  whales  in  the 
Antarctic  seemed  to  be  correlated  with  a 
marked  seasonal  rise  in  sea  temperature,  the 
sei  generally  being  most  abundant  at  the  peak 
temperatures  Nemoto  (1962)  postulated  that 
this  shift  m  the  time  of  peak  abundance  of  sei 
whales  in  recent  seasons  could  be  partly  the 
result  of  real  long-term  oceanographical 
changes  in  the  Antarctic  and  also  the  result  of 
reduced  interspecific  compeiuion  for  food 
with  other  balaenopterids. 

Bannister  and  Gambell  (1965)  and 
Gambell  (1968)  presented  data  on  aerial  ob- 
servations of  sei  whale  movements  during  the 
whalhig  season  at  Durban.  Overall,  it  appear- 
ed that  sei  whales  swam  northward  in  May  and 
June  and  .southward  in  August  and  Septem- 
ber. Gambell  (1968)  pomled  out  thai  there  was 
much  random  local  movement  confusing  the 
picture,  but  that  these  findings  agreed  with  the 
trend  of  movements  found  by  Best  (1967)  for 
sei  whales  off  Cape  Province. 

Bannister  and  Gambell  (1965)  also 
compared  the  abundance  of  balaenopterid 
whales,  especially  fm  and  sei,  at  South  Gerogia 
and  Durban.  From  actual  aerial  sightings  and 
catch  per  unit  of  effort,  they  showed  that  peak 
abundance  in  the  Antarctic  was  approximately 
6  months  out  of  phase  with  that  of  Durban. 
Presenting  other  supportive  information  on 
the  condition  of  the  whales  taken.  Bannister 
ami  Ciambell  suggested  that  the.se  whaling 
grounds  were  in  latitudes  entered  by  the 
whales  towards  each  of  their  north«sou  A 
annual  migrations. 
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Evidence  from  Patterns  of  Infiction  by 
Ectoparasites 

Further  indirect  informatioii  on  whale 

movements  is  gained  by  an  examination  of 
their  ectoparasites.  Among  these  arc  species 
which  are  quite  specific  ai  to  environment. 
Pennellae  and  Cinripedia  generally  attack  the 
skin  and  blubber  in  warmer  waters,  whilst 
diatom  foulmg  of  the  skin  occurs  in  polar  wa- 
ters (Bennett,  1920;  Barrett-Hamilton,  1915  i/i 
Hinton,  192S).  The  latter  is  generally  ascribed 
to  an  infection  by  Cocconeis  ceticola  Nelson, 
although  at  least  a  further  do/en  specie  have 
been  found  on  whale  skm  (Hart,  1935). 

The  infective  microspores  of  Cocconds 
ceticola  are  more  saprophytic  than  parasitic, 
and  have  never  been  found  free-living  (Hart, 
1935).  The  spores  require  about  one  month  lor 
germination  and  the  diatom  fUms  are  most 
prolific  from  February  onward.  All  whale 
species  and  all  parts  of  the  anatomy  are  liable 
to  fouling  by  diatoms  if  the  whales  penetrate 
Antarctic  waters  for  long  enough.  Harmer 
(1931)  mentioned  thatjuvcnilcs  are  often  quite 
diatom-free  late  in  the  summer  season  sug- 
gesting that  many  unmalure  whales  arrive 
alter  January. 

Hart  was  of  the  opinion  that  diatom 
presence  is  not  a  clear  indication  of  total  time 
^ent  in  the  Antarctic  as  the  extent  of  the 
fouling  can  be  very  variable.  However,  dia- 
tom-covered whales  arc  relatively  fatter  than 
clean  whales,  according  to  Bennett  (1920). 
Omura  (1950a)  mentioned  the  mcrease  in 
percentage  diatom  growth  in  fin  whales  in  the 
Koss  Sea  as  the  sea.son  progressed.  He  noted 
that  the  infection  pattern  is  more  consistent  in 
adults  than  juveniles. 

In  Figs.  15  and  16  the  percentage 
monthly  incidence  of  diatom  infection  is 
shown  for  blue  and  fin  whales,  by  sex  and  by 
area.  Data  have  been  collected  from  several 
Antarctic  areas  and  South  Africa  for  seasons 
between  1925  and  1965.  In  Figs.  15  and  16, 
South  Georgia  falls  into  Area  II,  and  Area  I 
covers  60°- 120*^.  The  separate  seasons  have 
been  compared*  and  althoug|h  the  overall 


incidence  of  infection  is  higher  in  some  sea- 
sons than  others,  probably  due  to  climatic  var- 
iations from  year  to  year,  the  monthly  trends 
of  infection  are  similar.  The  data  fiom  all  sea- 
sons have,  therefore,  been  combined.  In  some 
instances,  Antarctic  regions  have  been  kept 
separate  because  consistent  variations  in 
trends  have  been  observed,  probably  due  to 
local  oceanographic  conditions.  Omura 's  data 
(1950a)  on  diatom  infecuon  in  fm  whales  in 
Antarctic  Areas  IV  and  V  (TO^-BOT  and 
130^-170^,  respectively)  are  shown  graphi- 
caUy  in  Fig.  16. 

The  general  trend  in  Fig.  15  for  blue 
whales  is  that,  alter  January,  the  incidence  of 
clean,  diatom-lkee  whales  in  the  Antarctic  falls 
sharply,  suggesting  that  there  are  few  new  ar- 
rivals after  this  time,  particularly  of  adults. 
1  he  fali-otT  in  immature  whales  is  not  as  sharp 
as  in  adults  and  a  high  inddenoe  of  dean  fe- 
male juveniles  occurs  well  into  March.  The 
pattern  at  South  (Georgia  shows  a  general 
fall-off  in  clean  anunals  as  the  season  pro- 
gresses. Off  South  Africa,  diatom  infected 
whales  start  appearing  around  August,  and 
these  are  all  immature  animals.  There  is  little 
inlbrmation  on  adults,  but  it  is  clear  that  these 
whales  have  migrated  to  warmer  waters  ihnn 
the  Antarctic,  and  that  arrivals  readi  a  peak 
during  winter. 

Fin  whales  also  show  a  fali-ofl  in  the 
abundance  of  diatom-free  individuals  every- 
where in  the  Antarctic  as  the  summer  season 
proceeds.  The  peak  of  abundance  of  clean 
immature  whales  appears  to  occur  after  that  in 
mature  ones,  at  least  in  females,  suggesting 
that  the  former  arrive  after  the  latter.  The  ap- 
pearance of  diatom  covered  juveniles  off 
South  Africa  during  shinier  shows  that  these 
animals  have  migrated  from  far  south. 

Judging  from  the  time  taken  for  the  peak 
number  of  clean  animals  to  be  reduced  to  a 
veiy  low  level,  it  seems  likely  that  most  blue 
and  fin  whales  remain  on  the  Antarctic 
grounds  for  upward  of  three  months.  Probably 
four  months  or  more  is  likely,  considering  that 
one  month  normally  elapses  before  microspore 
germination  occurs,  although  Nemoto  (19S8)  407 
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suggested  that  a  shorter  germination  period 
is  possible.  The  lack  of  data  for  mature  whales 
oft  South  Africa  does  not  imply  that  adults 
overwinter  in  the  Antarctic,  but  that  they 
are  elsewhere  than  ofT  the  Sooth  Afikan  coast 
In  conclusion,  it  can  be  stated  that  balae- 
nopterid  whales  undergo  extensive  annual 
migrations,  generally  wintering  in  low  lati- 
tudes iirfiilst  entering  polar  waters  for  the 
summer  season  where  they  sedi  the  shoals  of 
krilL 


Seasonal  va]uatioi«» 
in  blubber  thickness 

Measurement  of  blubber  thickness  have 
been  recorded  from  whales  taken  in  the  Ant- 


arctic  and  also  at  land  stations  in  lower  lati- 
tudes. Seasonal  increases  in  blubber  thickness 

occur,  correlated  to  the  annual  migration  to 
feeding  pounds.  Amon^  authors  writmg  on 
this  sub|ect  are  Maduntosh  and  Wheeler 
(1929),  Slijper  (1948),  Nishiwaki  and  Hayashi 
(1950)  and  Ash  (1956,  1957)  on  blue  and  fin 
whales,  Risting  (1912,  1928^  Oisen  (1915). 
Matthews  (1937)  and  Ash  (1957)  on  hump- 
back whales,  Nishiwaki  and  Oye  (1951), 
Mizuc  and  Murata  (1951),  Ohno  and  Fujino 

(1952)  and  Kakura,  Kawakami  and  Iguchi 

(1953)  on  baleen  whales  (diieffy  blue  and  finX 
and  Matthews  (1938)  and  Gambell  (1968)  on 
sei  whales. 

The  evidence  in  this  paper  for  seasonal 
fattening  is  confined  to  the  baleen  whales  such 
as  blue,  fin,  humpbadc  and  va.  whales.  A 
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common  feature  of  all  these,  noted  bv  most  of 
the  above  authors,  is  the  unusual  relative  fat- 
ness of  pregnant  females  and  juveniles,  and  a 
tendency  to  leanness  in  iactating  females.  This 
feature  is  most  marked  in  humpbacks  (.Mat- 
thews, 1937).  Some  authors  believe  that  the 
blubber  fat  increase  slows  after  Febniaiy 
(Slijper.  1948),  and  that  there  is  a  temporary 
decrease  in  thickness  shortly  after  airival  in  the 
Antarctic  (Mizue  and  Murata,  193 1).  All  au- 
thors are  agreed  that  whales  appear  to  become 
measurably  fatter  on  the  fecdinc  grounds  of 
the  Antarctic  than  in  lower  latitudes. 

Blubber  measurements  from  difTeient 
geographical  areas  are  not  always  directly 
comparable  owing  to  difTeraices  in  the  sites  of 


measurement  on  the  carcasses,  and  non-ran- 
dom samplmg  of  age  groups  in  a  catch.  Also 
localities  can  vary  enormously  in  food  availa- 
bility, ice-cover  and  so  forth  even  within  dose 
distances  (Mackintosh,  1972,  1973). 

An  analysis  of  post-war  data  from  58 
humpback  whales  caught  in  the  Antarctic 
Areas  II,  III  and  V  reveals  inconclusive  results 
for  seasonal  blubber  thickness  variations, 
owing  to  the  small  sample  size.  However,  gen- 
eral results  are  in  agreement  with  the  findings 
of  Matthews  (1937).  Individuals  have  been 
grouped  according  to  maturity  and  sexual 
condition,  and  the  mean  ratio  between  blub- 
ber thickness  and  body  length  between  De- 
cember and  March  is  shown  in  Table  2.  A  dear  409 


Col  ,  I  i.  .ed  material 


C.  LOCKYER 


TMe  2>  Pcrcenlage  ratio  of  hluhber 
leagth  ia  humpback  wlwlv^ 


Immature  males 

Mature  males    ( >  I2.0in) 

Pr^ant 

and  female!) 

and  Temalcs  (>l2.Sin) 

females 

% 

% 

% 

1.0682 

0.7661 

a8543 

seasonal  pattern  of  fattening  might  be  expect- 
ed to  emerge  from  larger  samples,  since  hump- 
backs show  a  steadier  wave  of  migration  than 
do  other  baleen  whales,  even  though  it  is  pro- 
tracted over  two  months  (Matthews,  1937). 

All  age  grcnips  of  the  humpback  pass 
close  to  the  coasts  of  the  southern  continents 
during  their  migrations  between  low  and  high 
latitudes.  As  in  other  rorquals,  the  migration  is 
an  orderly  procession  of  whales  groviped  by 
maturity  and  sexual  condition  (Dawbm,  1966), 
the  pregnant  females  being  the  first  to  arrive 
in,  and  also  the  last  to  leave,  the  Antarctic. 

Matthews  (1938)  found  that  for  sei 
whales  grouped  by  sex  and  maturity,  the 
maximum  and  minimum  values  of  blubber 
thickness  attained  are  as  shown  in  Table  3. 
The  blubber  thins  appreciably  once  the  An- 
tarctic feeding  season  is  ended.  Gambell 
(1968)  had  more  data  on  vduch  to  work  but 
owing  to  different  points  of  blubber  measure- 


TaHc  3.   Percentage  ratio  of  blubber  Ihicknem  and  body 
lengtk  in  sei  wlialcs  (acconling  to  Mattiiews,  1938) 


Seastm 

and 
Region 

Immature 

Males  Females 

Males 
>  14.0m 

Mature 

Females  >14.Sm 
Resting  Pregnant 

Antarctic 

late 
summer 

% 
0.S10 

ft 
0.495 

% 
0J80 

%  % 
0J60  0.490 

OurtMin 
winter 

0.3  IS 

0320 

OJOO 

0275 

ment.  he  was  tinnble  to  equate  South  African 
and  Antarctic  data  as  directly  as  could  Mat- 
thews. 

As  we  have  seen  in  the  previous  section 
on  migration,  blue  and  fin  whales  are  present 
on  the  Antarctic  feedmg  grounds  any  time 
between  October  and  April,  but  adults  tend  to 
reach  peak  abundance  around  January,  and 
juveniles  rather  later.  Ingebrigtscn  (1929)  and 
Kellogg  (1929)  have  written  that  the  migra- 
tions of  the  immature  whales  are  often  erratic 
compared  with  adults. 

An  analysis  of  data  collected  during 
whaUng  operations  between  1946  and  1965  on 
blubber  thickness  in  blue  and  fm  whales  is 
shown  in  Figs.  17,  18,  19  and  20.  For  blue 
whales,  some  pre-war  data,  mainly  from  the 
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1930*s,  b  included  for  South  Africa.  The  data 
have  been  analysed  separately  according  to 
sex,  sexual  maturity  and  sexual  condition. 
Unfortunately,  data  from  South  Africa  and  the 
Antarctic  are  not  directly  comparable  because 
blubber  measurements  were  made  at  different 
points  on  the  body.  Blubber  thickness  was 
found  to  increase  fairly  constantly  with  body 
length  (if  state  of  maturity  and  sex  are  allowed 
for)  by  Mackintosh  and  Wheeler  (1929).  and 
expressing  blubber  thickness  as  a  percentage 
of  body  length  is  a  convenient  way  of  com* 
bining  and  comparing  data  from  dilTerent 
sizes  of  whales. 

The  most  noticeable  feature  at  South 
AfHca  and  in  the  Antarctic  is  the  rehitive 
leanness  of  lactating  Tern  ales  and  fatness  of 
pregnant  females  of  both  species.  In  virtually 
ail  sexual  classes  there  is  a  trend  for  blubber 


thickness  to  increase  as  the  Antarctic  summer 
progresses.  The  most  marked  increases  seem  to 
occur  after  December  or  Januaiy,  and  even 
after  Februaiy  in  some  blue  whales.  For  nearly 
eveiy  class  shown,  the  increases  are  not 
stiaightforward  but  consistently  show  tempo- 
rary decreases  during  Deoembor  or  January  in 
fin  whales  suggesting  that  this  is  the  result  of  a 
bulk  influx  of  lean  whales  at  this  time,  perhaps 
representing  the  peak  migration  wave.  The 
data  for  blue  whales  does  not  extend  over  as 
long  a  seaaon  as  for  fin  whales,  so  that  detailed 
inferences  could  be  unreliable.  The  reason  for 
the  sudden  apparent  decrease  in  blubber 
thickness  m  March  in  female  fin  whales  could 
either  be  the  absence,  and  therefore  obvious 
departure,  of  the  fattened  large  mature  fe- 
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males,  or  the  catch  of  thin  post-lactation  fe- 
males, some  of  which  could  also  be  pregnant. 

Off  South  Africa  there  is  no  dear  trend, 
althou^  ovmll  the  whales  do  not  appear  to 
fatten,  and  mostly  get  leaner  after  a  temporary 
rise  in  blubber  thickness  which  is  probably  the 
result  of  fat  whales  arriving  late  back  firom  the 
Antarctic. 

The  data  presented  here  cover  several 
Areas,  mainly  II  and  III.  Trends  of  fattening 
appear  m  all  areas.  Results  are  in  general  ag- 
reement with  the  findtngs  of  Maddntosh  and 
Wheder(1929). 


Seasonal  variation  in  body  weight 

Weights  of  whales  of  different  species 
are  availaUe  for  certain  months  during  the 
Antaictic  summer,  hut  not  for  the  winter 


months.  Weights  at  the  beginning  of  the  sum- 
mer have  therefore  been  compared  with  those 
ai  the  end.  I  he  difference  represents  a  season- 
al increase.  As  seen  in  the  previous  section, 
there  are  valid  reasons  for  expecting  tiiat 
weight  might  var>  seasonally. 

Adult  Southern  Hemisphere  blue,  fin, 
sei  and  humpbacic  whales  undergo  extensive 
annual  migrations  to  the  Antarctic  seas  to  feed 
during  the  summer  lor  periods  of  at  least  three 
to  four  months.  During  winter,  whales  taken  in 
lower  latitudes  have  been  found  to  be  feeding 
at  greatly  reduced  rates  (Mackintosh  and 
Wheeler,  1929;  Matthews,  1937;  Gambell, 
1968).  In  order  to  sustain  the  body  during  the 
winter,  the  whale  must  store  ener^  during  the 
summer  in  a  manner  similar  to  that  of  hiber- 
nators  accumulating  tat 

There  is  evidence  both  qualitative  and 
quantitative  for  the  storage  of  energy  in  the 
body  during  the  feeding  season.  Blubber  (fat) 
thickness  increases  as  the  summer  season 
progresses.  Oil  yields  from  whale  carcasses 
taken  in  the  Antaictic  are  usually  greater  per 
foot  length  of  whale  than  in  lower  latitudes 
and  increase  with  the  length  of  the  Antarctic 
season  (Ash,  1953,  1955,  1955a,  1956,  1957; 
Risting,  1912,  1928;  Olsen  1915  and  Harmer, 
1931)  The  increased  oil  yield  is  likclv  to  be 
reflected  in  noticeable  weight  increases  in  the 
body,  which  logically  must  reach  a  peak  im- 
mediately prior  10  the  whale  leaving  the  feed- 
ing grounds. 

Slijper  (1962)  mentioned  that  the  fat 
storage  occurs  initially  in  the  blubber  and  later 
in  other  tissues  such  a.s  muscle,  viscera  and 
bone.  This  is  substantiated  to  a  certain  extent 
in  a  later  section,  where  oil  yields  exceed  those 
attributable  to  the  bhibber  akme.  There  is 
probably  a  critical  maximum  to  fat  deposition 
in  the  subcutaneous  region  otherwise 
overheatmg  would  be  incurred.  Hibemators 
rapidly  accumulate  subcutaneous  and  then 
visceral  fat  prior  to  winter  dormancy,  which 
they  subsequently  lose  during  the  fast.  This 
process  is  common  to  ail  hibernating  mam- 
mals pliant,  1942;  Kayser,  1953;  Orizzell, 
1955). 
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All  pregnant  whales  regardless  of  the 
time  of  season  are  exceptionally  heavy  and  fat 
compared  with  other  adults.  For  this  reason 
any  data  cm  body  fattening  in  pregnant  fe- 
males  have  been  kept  separate  from  other  data 
used  in  analyses  of  vanation  in  body  weight. 
Lactating  whales,  which  are  frequently  veiy 
lean  aooofding  to  analyses  of  Uubber  thidc- 
ness,  are  not  represented  in  the  data.  Juvenile 
whales  are  usually  relatively  fat  compared 
with  adults,  but  not  as  fat  as  the  pregnant  cows. 

Data  are  taken  from  App«idix  Table  1 
where  the  weights  of  blue,  fin  and  humpback 
whales  are  shown  together  with  body  lengths 
and  dales  of  capture,  and  information  on  sex- 
ual Status  where  available.  In  comparing 
body  weights  and  tissue  weights  of  different 
individuals,  a  method  using  ratios  has  been 
used.  This  method  reduces  all  data  to  a  weight 
per  known  standard,  such  as  tonne  of  bone  or 
foot  body  length.  Bone  weight  must  be  re- 
flected in  the  relative  weights  of  other  tissues 
since  bone  is  the  supporting  skeleton,  and 
body  length  is  dependent  on  skeletal  growth. 
Of  these  two  possible  standards,  the  former  is 
fully  three-dimensional  and  is  preferable,  al- 
lowing for  variation  in  body  build,  whereas  the 
latter  is  only  one-dimensional.  The  bone  tis- 
sue is  unlikely  to  vary  much  seasonally  in 
weight,  because  any  oil  storage  which  occurs 
must  lake  place  internally  where  it  will  replace 
water.  The  bone  weight  will,  therefore,  remain 
fairly  stable.  The  matter  of  oil  storage  in  bone 
will  be  discussed  later  in  this  section.  By  cal- 
culaimg  the  ii&suc  weight  to  bone  weight  ratio 
or  to  foot  body  length  ratio  in  different  whales, 
animals  of  vaiious  sizes  may  thus  be  direcUy 
compared. 

Humpback  Whales 

Aooording  to  Matthews  (1938)  and 
Dawbin  (1966)  the  humpbacks  Vexkd  to  migrate 
to  and  arrive  in  the  Antarctic  in  a  more  or  less 
continuous  stream,  so  that  fattening  appears 
fiiirty  steady  in  the  populatioii.  Ifinton  (1925) 
mentioned  that  neariy  all  humpbacks  arrive  at 


South  Georgia  between  October  and  January, 
reaching  peak  numbers  from  November  on- 
wards. Ash  (1953)  produced  a  formula  for 
predicting  increased  [woduct  yields  with  time 
nom  January: 

W  =  1.70L  -  46.4  +  0.9t, 

where  W  =  body  weight  in  long  tons, 
I.  =  body  length  in  feet,  and  t  =  number  of 
weeks  elapsed  since  1  January.  1  he  humpback 
weights  obtained  by  Ash  are  all  approximate 
in  that  they  were  obtained  from  cooker  fillings. 
Although  anv  analysis  investigating  seasonal 
weight  vanation  has  pitfalls  because  different 
animals  of  different  sexes  and  different  years 
are  inevitably  involved,  all  the  whales  consid- 
ered by  Ash  were  of  similar  body  length  and 
taken  in  only  two  seasons,  so  that  the  variabil- 
ity was  reduced  to  a  minimum. 

Tlie  data  in  Appendix  Table  1  given  by 
Ash  have  been  used  here  to  determine  the 
average  weight  increase  in  time  for  a  40  ft 
(12  m)  whale.  In  order  to  do  this,  average  body 
weight  per  foot  body  length  of  whale  for  ani- 
mals, all  between  38  and  43  feet  (1 1.5  and  13 
m)  in  size,  has  been  calculated  for  diiierent 
dates,  and  simply  multiplied  by  40.  Data  for 
bone  weight  are  not  avauable.  TTie  mean  body 
weights  of  a  40  ft  ( 12  m)  whale  calculated  for 
several  dates  in  a  pcnod  of  about  two  months 
commencing  28  Iiecember,  are  shown  in  Fig. 
21,  which  indicates  that  the  humpback  whale 
of  40  ft  (12  m)  increases  in  body  weight  by 
about  10  tonnes  in  under  two  months. 

The  mitial  lean  body  weight  of  the 
humpback  is  probably  heavier  for  length  than 
that  of  other  baleen  whales.  Data  on  relative 
blubber  thickness  in  the  previous  secuon  indi- 
cated that  humpback  blubber  is  generally  at 
least  twice  as  thick  as  that  in  other  balaenop- 
terids.  The  earUer  comparison  between  species 
of  relative  skull  width  in  Fig.  5,  showed  that 
humpbacks  have  the  greatest  girth.  Lodcyer 
(1976)  found  that  in  a  weight/length  compar- 
ison with  other  rorquals,  the  humpback  ap- 
peared heaviest,  and  this  is  apparent  in  Fig.  10. 
The  lean  body  weight  of  the  humpback  is  thus  413 
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unlikely  to  be  less  than  10  tonnes  which  is 

slightly  less  than  the  expected  mean  weight  for 
other  species  at  this  length  (Lockyer,  1976). 
Matthews  (1937)  showed  that  peak  catches  of 
humpbacks  at  South  Georgia  occurred  be- 
tween November  and  Januar\ .  coinciding  with 
the  information  on  arrival  times  given  by 
Hinton  (1925),  so  thai  most  humpbacks  prob- 
ably arrive  well  before  the  end  of  December. 
The  lean  body  weight  pridr  lo  summer  feeding 
is,  therefore,  more  probably  about  15  tonnes  if 
the  whale  arrives  around  mid-December. 
Increase  in  weight  appears  to  slacken  off  dur- 
ing February  so  that  overall  increases  probab- 
ly amount  to  about  15  tonnes.  Ihe  whale, 
therefore,  appears  to  double  its  body  weight 
on  the  feraing  grounds,  where  according 
to  Dawbin  (1966)  it  may  remain  for  up  to 
5  1/2  months.  This  order  of  weight  increase 
is  not  unusual  in  hibernating  animals,  as  will 
be  discussed  later. 

Blue  and  Fin  Whales 

The  half-monthly  mean  body  and  tissue 
weight/ bone  weight  ratios  in  blue  and  fln 
whales  calculated  from  data  in  Appendix 
Table  1  are  shown  in  Fig3.  22  and  23.  The 


NOv'MC'MN'rn'MM'itn 
MONTHS 


AAONTHS 


Fig.  22.  —  Hair-monthlv  moan  ratios  fif  weights  of  hody 
oigaas:  bone  weight  for  male  and  femak  bine  whales. 


variability  shown  is  very  great,  although  gen- 
erally where  the  time  scale  is  long,  there  is  a 
definite  upward  trend  in  the  mean  ratio  indi- 
cating a  weight  increase.  There  is  a  consistent 
drop  during  February  for  both  blue  and  fin 
whales,  and  from  the  information  on  the  pat- 
tern of  migration  of  blue  and  fin  whales  dis- 
cussed in  an  earlier  section,  this  could  well  be 
the  result  (^f  a  secondary  influx  of  lean  whales, 
late  in  the  season. 

The  order  of  increase  in  body  weight, 
ignoring  pregnant  animals,  could  be  about 
35  %  in  blue  whales  (see  Fig.  22)  between  No- 
vember and  March  inclusive,  and  at  least  12  % 
between  December  and  Pebniaiy  induaive  in 
fin  whales  in  Fig.  23.  However,  the  d^ree  of 
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FiO.  23.  -  Hair-monihl>  mean  ratios  of  weights  of  body 
oisans:  bone  weight  for  male  and  female  fin  whales. 

fattening  shown  is  incomplete  in  both  blue  and 

fin  whales,  because  there  is  only  a  small 
amount  of  data  available,  and  also  because  of 
the  successive  waves  of  immigration.  Fatten- 
ing definite^  occurs,  however,  as  is  also  shown 
by  the  increase  in  oil  yield  (data  given  in  Ap- 
pendix Tabic  1)  in  Figs.  22  and  23. 

in  order  to  assess  the  real  fattening  of 
these  whales  over  the  time  periods  shown  in 
Figs.  22  and  23,  with  the  small  body  of  data 
available,  data  from  all  months  have  been 
combined  and  are  assumed  to  refer  to  the  same 
whale  popubtion  and  to  be  a  random  sample 
of  this.  The  data  then  comprise  a  heteroge- 
neous sample  of  fattened  and  lean  whales,  and 
whales  undergoing  fattening.  These  various 
categories  of  whales  can  be  detected  when  cu- 


mulative frequencies  of  weight  ratios  are 
plotted  on  arithmetical  probability  paper. 
Figs.  24  and  25  show  this  treatment  of  body 
weight  data  for  blue  and  fin  whales  respec- 
tively. The  data  do  not  lie  along  a  single  straight 
line  as  would  be  expected  for  a  normal  distri- 
bution, but  appear  to  form  a  complex  of  lines. 
The  fattest  and  thinnest  whales  are,  tfierefore, 
not  covered  by  the  variation  within  a  single 
normal  distribution,  but  constitute  the  lean 
and  fattened  conditions  for  which  there  are 
separate  means  and  standard  deviations.  The 
central  nKu«  of  data  in  Figs.  24  and  25  repre- 
sent whales  in  varying  stages  of  fattening.  The 
lean  and  tat  bod^  weight/ bone  weight  ratios 
can  then  be  identified  according  to  the  method 
of  Harding  (1949)  and  be  used  to  predict  the 
body  weights  before  and  after  fattening  for 
different  sizes  of  whales.  These  estimates  of 
lean  and  fat  conditions  are  shown  in  Fig.  26 
and  27  for  blue  and  fm  whales. 

The  standard  errors  can  be  calculated 
from  the  standard  deviations  given  in  Figs.  26 
and  27,  and  dien  applied  to  the  body  weight/ 
bone  wdght  ratios  to  determine  whether 
fattening  is  significant.  For  blue  whales 
lean  and  fat  ratios  are  4.66  ±0.10  and 
6.94  ±  0.43  respectively,  and  for  fin  whales, 
they  are  5.07  ±  0.06  and  6.51  ±  1.08  respec- 
tively. The  fattening  is  thus  significant  and 
averages  49  %  of  lean  body  weight  in  blue 
whales  and  28  %  in  fin  whales.  The  blue  whale 
data  may  give  a  better  indicatwn  of  the  order 
of  body  weight  increase  because  of  the  longer 
time  span  of  their  data,  and  the  consequent 
indusion  of  individuals  at  the  ends  of  the 
range  of  increase  Because  blue  and  fin  whales 
appear  similar  in  their  biology,  it  would  seem 
likely  that  body  weight  increases  in  both  these 
species  are  of  the  order  of  at  least  SO  %  initial 
lean  weight.  This  value  is  low  by  comparison 
with  the  value  ju.st  calculated  for  the  hump- 
back whale.  Rice  and  Wolman  (1971)  esti- 
mated a  weight  loss  of  1 1-29  %  of  the  body  in 
the  North  Pacific  gray  whales  between  the 
southward  and  northward  migrations.  This 
estimate  of  weight  loss  was  calculated  indi- 
rectly from  girth  measurements  which  could  4IS 
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be  translated  to  weight  values  by  using  a  for- 
mula relating  girth  and  body  weight,  based  on 
actual  weight  and  girth  data.  This  weight  loss 
in  the  gray  whale  is  equivalent  to  a  weight 
increase  on  lean  weight  of  12-41  %.  The  gray 
whale,  although  in  a  difTerent  family  to  that  of 
blue  and  fm  whales,  is  known  to  undertake 
extended  south-north  migrations  in  the  North- 
cm  Hemisphere,  while  feeding  little,  if  at  all 
during  the  ndgnitioiis  and  winter  months. 
Sund  (1975)  observed  gray  whales  consuming 
small  bait  fish  from  a  .school  off  Monterey. 
Calilorma.  He  pomlcd  out  that  the  tmie  of  this 


occurrence  was  near  the  peak  period  of  the 
southerly  migration,  and  mdicaled  that  food 
mi^t  be  taken  during  migratioii  if  it  was 
available. 

In  hibemators,  the  maximum  weight  is 
observed  immediately  before  hibernation. 
This  is  nearly  twice  the  minimum  post-hiber> 
nation  weight  in  ground  squirrels  (Kayser, 
1952).  Kayser  found  a  weight  loss  of  28  3  %  in 
ten  squirrels  during  132  days  of  hibernation, 
and  Kalabukhov  (1956),  Valentin  (1857), 
Camus  and  Glcv  (1901)  and  Johnson  (1928) 
mentioned  that  weight  losses  in  bat,  wood- 
chuck,  hedgehog  and  ground  squirrel  are 
3(M9  %  dunng  127-163  days  of  hibernation. 
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These  losses  are  equivalent  to  43-96  %  of 
posi-hibemation  weight.  The  daily  weight  los- 
ses amount  to  about  0.22  %  bodv  weight:  Va- 
lentin gives  0.21  %  tor  the  woodchudc,  John- 
son gives  0.28  %  f<>r  (he  ground  squirrel, 
Camus  and  Gley  give  0.25  %  for  the  hedgehog 
and  Ralabukhov  gives  0.21  %  for  the  bat.  Rice 
and  Wolman  estimated  that  the  daily  weight 
loss  during  migrations  in  the  North  Pacific 
gray  whale  represents  0.21-0.37  %  body 
weight. 

Herter  (1933)  and  Mayer  (1954)  found 
that  in  the  hedgehop  and  ground  squirrel  body 
weight  increased  noticeably  at  the  breeding 
period  and  very  markedly  prior  to  hibernation. 
This  pattern  of  fattening  resembles  that  in 
Southern  Hemisphere  rorquals  which  are  in 
prime  fat  condition  prior  to  the  northerly 
winter  migration  to  lower  latitudes  where 
breeding  mostly  occurs  and  feeding  activity  is 
greatly  reduced.  Kayser  (1961)  believed  that 
weight  loss  in  hibernation  is  of  the  same  order 
as  that  tolerated  by  every  other  homeothermic 
animal  subjected  to  starvation.  No6  (1901) 
founil  that  hedgehogs  can  withstand  a  loss  of 
up  to  36  %  of  the  body  weight,  although  the 
duration  of  starvation  may  be  variable  ac- 
cording to  environmental  conditions  and  flie 
amount  of  activity  Manv  hibernators  are 
known  to  awaken  periodically  and  forage  in 
<mter  to  supplement  their  energy  reserve. 

Activity  decreases  with  the  progress  of 
starvation,  and  heat  evolution  decreases  to 
about  75  %  of  the  former  level  after  14  days  of 
fasting  in  steers  aoooiding  to  Benedkt  and 
Rilzman  (1927).  The  weight  loss  is  greatest  in 
the  initial  3  days  of  fasting,  during  which 
1.2-1.4  %  body  weight/day  is  lost,  and  subse- 
quently, 0.S4).7  %  body  weight/day  is  lost  in 
steers  of  average  weight  range  590-670  kg,  over 
a  fast  period  of  14  days.  The  Respirat<irv 
Quotient  (R.Q.)  falls  rapidly  to  0.70  which  is 
essentially  that  of  fat  kataliolisni,  during  the 
first  3  days. 

If  daily  body  weight  losses  in  whales  are 
similar  to  those  in  other  long  fasting  animals, 
that  is  between  (X2  %  and  0.3  %  perday  overa 
probnged  period,  and  blue  and  fin  whales 


feed  heavily  for  appn^ximatelv  4  months  and 
feed  little  for  the  remaining  months  of  the 
year,  the  total  weight  loss  will  be  about  50  %, 
equivalent  to  a  doubUng  of  lean  weight.  This 
Hgure  is  higher  than  the  observed  value  for 
blue  and  fin  whales  although  similar  to  that 
predicted  for  humpbacks.  However,  the  possi- 
Dility  of  sporadic  and  opportunistic  feeding 
during  winter  must  be  considered,  because  this 
would  compensate  any  energy  deficit  if  fat- 
tening was  not  as  great  as  predicted. 

Kalabukhov  (1956)  mentioned  Valen- 
tin's (1857)  findings  that  storage  fat  in  wood- 
chucks  dccrca.sed  by  99.3  %  during  hibernation 
whilst  brown  fat  decreased  by  only  68.7  %.  Bi- 
bOcov  and  Zhimova  (1956)  found  a  lag  be- 
tween the  disappearance  of  subcutaneous  and 
visceral  reserve  fat,  and  obtained  results  sim- 
ilar to  Valentin  ( 1 857).  Although  heat  loss  is 
expected  to  decrease,  subcutaneous  fat  will  di- 
sappear during  periods  of  fasting,  so  that  the 
fasting  whale  would  be  at  an  advantage  if  it 
overwintered  in  warmer  waters  in  lower  lati- 
tudes where  heat  energy  loss  will  be  minimized 
and  a  reduction  in  dermal  insulation  will  not 
be  serioiis.  The  hibernating  animal  or  any 
anunal  embaddng  on  a  prolonged  fksi  win 
survive  best  if  it  enters  the  phase  in  prime 
condition  after  concentrated  feeding  and  fat 
storage.  The  duration  of  the  phase  then  de- 
pends on  the  economy  of  the  energy  budget. 

tMstrUnttion  of  Weight  Increases  in  the 
Body 

The  lean  and  fattened  conditions  of  the 
various  body  tissues  can  be  assessed  m  the  same 
way  as  for  total  body  weight.  DiUa  on  tissue 
weight/bone  weight  ratios  from  differ- 
ent months  can  be  combined  and  the  cumu- 
lative frequencies  plotted  on  arithmetical  prob- 
abiUty  paper  in  the  same  way  as  for  total 
body  weight.  The  mean  lean  and  fattened  con- 
ditions with  standard  deviations  have  been  de- 
termined in  this  manner,  and  are  shown  in  h  igs. 
2i  and  29  for  blue  and  fin  whaks.  In  all  tissues 
the  fattenii^  is  significant. 
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In  Table  4  the  overall  distributions  of 
weight  increases  in  the  body  are  summarized 
for  blue  and  fin  whales,  and  the  oil  yield 
incpease  is  also  givai.  It  is  dear  ftoni  this  that 
the  greatest  observed  increases  in  weight  occur 
in  the  internal  musculatuie  during  tlie  sam- 
pling period. 

The  data  for  fin  whales  oavct  even  less  of 
the  summer  season  than  the  blue  whales,  as  al- 
ready slated,  so  that  relatively  lower  estimates 
of  ti^ue  weight  increases  must  be  expected. 
These  estimates  are  not  necessarily  precise 
measures  of  the  increases,  but  serve  to  show 
that  substantial  weight  increases  do  occur. 

The  weight  mcreases  in  the  individual 
tissues  in  Hgs.  28  and  29  show  that  blubber 
content  increases  71  %  and  31  %.  masclc  64  % 
and  30  %,  and  vLscera  82  %  and  59  %  in  blue 
and  fin  whales  respectively.  These  increases  arc 
very  substantial. 

Data  of  the  lOS  on  oil  content  of  bone 
tissue  from  different  regions  of  the  body  of  a 
blue  whale  show  that  oil  can  constitute  56-69  % 
and  water  8-13  %  of  the  bone.  As  oil  must  pre- 
sumably replace  water  in  the  bone,  it  is  unlikely 
ever  to  exceed  80  %  of  bone  tissue,  because  of 
tlic  finite  internal  structure  of  bone,  hrom 


TiUe  4  Avmge  incKHMtk  body  weight  during  die  Aatwc- 


Species 
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Fin 

X  ' 

*  A 

X 

%  i 
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Nfi  body  weight  increase  (B-A) 
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internal  weight  increase: 
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Blue 
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17 
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24 
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17 

Table  5  where  the  average  tissue  constitution  of 
the  body  weij^ht  regardless  of  season  is  shown 
using  data  from  the  Appendix  Table  1,  it  is  clear 
that  bone  generally  KMms  17  %  of  total  body 
weight.  Therefore,  oil  content  in  the  bone 
normally  constitutes  about  10  %  of  total  body 
weight  Even  if  it  were  to  increase,  the  net  effect 
would  probably  be  to  lighten  the  bone  density, 
because  of  the  low  specific  gravity  of  oil.  Bone 
weight,  therefore,  probably  remains  fairly  st- 
able although  much  energy  can  be  stored  wi- 
thta  the  bcmes  where  it  cannot  be  accounted  for 
in  terms  of  weight  increase  The  important 
point  is  to  know  how  much  extra  energy  has 
been  stored  in  the  form  of  fat  and  oils  during 
the  summer.  This  is  difficult  to  assess  without 
routine  chemical  analyses  of  body  tissues 
throughout  the  whalmg  season.  The  increases 
in  weight  in  blubber,  meat  and  viscera  are  thus 
assumed  to  be  mainly  due  to  fat  deposition, 
especially  since  the  unit  oil  product  yield 
increase. 


Food  and  feeding  patterns 


Food  of  whales 

The  food  source  of  whales  is  an  important 
factor  in  the  piesent  study  because  the  seasonal 
migration,  growth  and  energy  budget  hinge  on 
this.  According  to  Marr  (1962)  the  chief  food  of 
southern  balMD  whales  is  bill,  originally  a 
Nofwegian  term  for  the  euphausiid  Euphausia  421 
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superha  which  occurs  in  the  polar  waters  south 
of  the  Antarctic  Convergence  (Mackintosh  and 
Wheeler,  1929;  Deacon,  1937;  Marr,  1956. 1962 
and  Mackintosh,  1972). 

This  crustacean  is  not  their  sole  food. 
Mackintosh  and  Wheeler  (1929),  Mackintosh 
(1942),  Ncmoto  (1959,  1962)  and  Kawa- 
mura  (1974)  mentioned  that  Parathemisto  gau- 
(lirhdudi,  an  amphipod.  is  not  infrequently 
taken  by  blue  and  fin  whales  when  it  is  locally 
abundant,  and  Nemoto  and  Kawamora  bom 
showed  that  Parathemisto  is  an  important  food 
for  sei  whales.  Mackintosh  and  Wheeler  (1929) 
also  mentioned  that  olTSk>uth  Africa  Euphausia 
recurva,  Euphausia  lucens  and  Nyctiphanes  of- 
ricanus  are  taken  by  blue  and  fin  whales,  and 
Matthews  (1937)  mentioned  that  otT  Saldanha 
Bay,  fish  are  sometimes  eaten,  particularly  by 
humpbacks.  Bannister  and  Bucer  (1%7)  re- 
ported that  balaenopterid  whales  off  Durban 
were  found  to  be  feeding  on  Thysanoessa  gre- 
^aria  and  Eiq>hausia  recurva,  along  with  var- 
ious other  species  of  euphausBds.  Best  (1967) 
repotted  that  copepods  and  euphausiids  are 
taken  hv  sei  whales  off  South  Afnca. 

Other  organisms  retrieved  from  the  sto- 
madis  of  fin  and  blue  whales  in  the  Antarctic 
include  fish  ranging  in  size  from  5  to  46  cm  in 
length  "and  a  jclKfisli  38  cm  in  diameter  (Mac- 
kintosh, 1942).  However,  these  creatures  were 
present  with  large  quantities  of  krill  and  were 
probably  taken  by  chance  rather  than  choice. 

Mackintosh  (1942)  suggested  that  Eu- 
phausia crystaliorophias  may  replace  Euphausia 
supeHfa  in  the  Ross  Sea  area  where  it  occurs 
abundantly  in  shoals,  and  Marr  (1956)  reported 
that  blue  and  minke  whales  feed  on  this  former 
species.  Nemoio  and  Nasu  (1958)  found  tliai  tin 
and  humpbadc  «4iales  consume  Tht 
macrura  in  Areas  I  and  VI  (120°- 170^  of  the 
Antarctic. 

Sei  whales  which  tend  to  favour  the 
sub-Antarcticdo  not  appear  to  be  very  selective 
in  their  food.  Matthews  (1932,  1938),  Rayner 
(1935)  and  Ncmoto  (1959)  mentioned  that  sei 
whales  will  take  Munida  gregaria  and  Gnmo- 
thea  OS  Patagonia,  Herra  dd  Fnego  and  the 
Fafldands.  Kuddntodi  (1942)  and  Kawamuia 


(1974)  emphasized  the  importance  of  Calanus 
tonsus  and  other  copepods  in  the  diet  of  sei 
whales,  many  of  which  rarely  venture  far  south 
into  the  Antarctic.  Nemoto  (1962),  Doi,  Ohsu- 
mi  and  Nemoto  (1967)  and  Kawamura  (1974) 
have  shown  that  Euphausia  vallentini  is  an  \m- 
portant  food  sooice  in  the  sub-Antaretic  for 
blue,  fin  and  sei  whales.  Ohsumi,  Masaki  and 
Kawamura  (1970)  found  that  the  minkc  whale 
leeds  on  Euphausia  superha,  and  also  on  Eu- 
phausia spinifera  and  Calanus  tonsus  as  far 
south  as  61'^7'S. 

In  conclusion,  the  rorquals  present  in  the 
Antarctic,  particularly  far  south,  feed  mainly  on 
Euphausia  superha,  but  feed,  perhaps  opportu- 
nisticalfy,  on  other  species  of  Crustacea  where 
these  replace  Euphausia  superha,  in  lower 
latitudes.  Generally,  rorquals  take,  shoaling 
Crustacea  in  any  area  wnen  they  are  feed- 
ing (Kawamura,  1974).  The  true  krill, 
Euphausia  superha,  would  still  appear  to  be 
the  major  food  species  for  blue,  fm  and 
humpback  whales,  the  other  t^pes  being  sup- 
ptementaiy. 


Incidence  of  feeding 
SiiOmnat  Months 

Southern  Hemi^ere  n»quals,  as  seen 
above,  migrate  sonth  to  the  Antarctic  in  the 

spring  and  remain  in  polar  seas  throughout  the 
summer.  Mackintosh  and  Herdman  (1940)  and 
Mackmtosh  (1972,  1973)  illustrated  the  mean 
pack  ice  edge  in  the  Antarctic  spring  and  sum- 
mer when  the  krill,  Euphausia  mperba,  and 
Other  plankton  arc  largely  exposed  by  the  re- 
treating ice.  The  rorqiuds  are  thus  able  to  pe- 
netrate the  ice-free  areas  and  feed. 

Matthews  (1937)  summarized  data  on  the 
feeding  incidence  in  humpbacks  between  1925 
and  1^1.  At  South  Georgia  82  %  of  33  whales 
had  been  feeding  and  krill  were  present  in  the 
stomachs.  An  analysis  of  data  collected  in  the 
Antarctic  between  1951  and  1962  b^  the  lOS 
fiom  52  whales  of  both  sexes,  mdicates  that 
96  %  had  food  m  the  stomachs. 
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Mackintosh  and  Wheeler  (1929)  found 
that  the  incidence  of  feeding  in  blue  and  fin 
whales  high  at  South  Georgia.  Their  findings 
are  siunmanzed  in  Fig.  30.  The  incidences  of 
feeding  in  blue  and  fin  whales  respectively  in 
the  Antarctic  Areas  II  and  111,  are  shown  for  the 
post-war  years  in  Figs.  31  and  32.  The  level  of 
locidenoe  varies  from  year  to  year,  but  gen- 
erailv  by  only  small  amounts.  Individual 
seasons  have,  therefore,  been  combined.  The 
feeding  incidence  for  both  blue  and  fin  whales 
is  about  85  %^  and  is  similar  to  the  data  shown 
in  Fig.  30.  These  appears  to  be  no  real  differ- 
ence in  feeding  incidence  between  males  and 
females  and  vciy  little,  il"  any,  between  mature 
and  immature  whales,  in  the  Antarctic. 

Gambell  (1968)  showed  that  the  majority 
of  sei  whales  caught  and  examined  in  the  An- 
tarctic, were  feeding.  Gambell's  data  for  both 


sei  and  fin  whales  in  the  Antarctic  are  shown 
in  Table  6.  Maldiews  (1938)  mentioned  that 
the  southward  migration  of  sei  w  hales  appear- 
ed to  be  correlated  with  feeding,  al- 
though Matthews  (1932),  Rayner  (1935).  and 
more  recently  Kawamura  (1974)  commented 
on  the  ready  feeding  of  sei  whales  m  lower 
latitudes  of  the  sub-Antarctic,  where  fisedii^ 
incidence  may  average  between  42  %  and  S4  % 
in  a  day,  accordmg  to  the  area. 

Mackintosh  and  Wheeler  (1929)  pointed 
out  the  difficulties  of  using  data  on  the  pres- 
ence of  food  in  the  stomach  as  an  indication 
of  feeding  activity,  because  whales  occasionally 
vomit  when  captured.  However,  Kawamura 
(1971)  found  that  of  434  sei  whales  observed 
during  capture,  only  \.\%  vomited,  and  sim- 
ikirlv.  of  84  fin  whales  only  0  78  %  vomited. 
Mackintosh  and  Wheeler  also  mentioned  that  it 
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%  whaled 

stomachs 

Locality  containing  fond  Referenoe 

Sei         I- in 


Durban  1 
Cape  I 
Provijicej 

4-37 
47-3« 

11-42 
3(M6 

Bannister  & 
Baker  (1%7) 
Best  (1967) 

South  1 

I  Antarctic 

50  in 
males 

65  in 
l~cmalc$> 

37 

GaiubeU(l968) 

92 

82 

GambeU(196S) 

is  ol  ten  only  the  tlrst  stomach  chamber  which  is 
examined  whilst  the  other  stomadis  and  inte- 
stine may  be  full.  The  presence  of  food 
in  the  stomach  is,  therefore,  onlv  :\  guide  to 
very  recent  feeding  which  appears  to  be  very 
common  in  the  Antaictic  seas. 

IFifnier  Mtmths 

Matthews  (1937)  found  that,  unlike  the 
humpback  whales  examined  at  South  (  icorcia 
those  at  Saldanha  Bay  showed  httle  evidence  ol 
recent  feeding;  only  11.8  %  of  17  whales  had 
been  feeding,  and  these  contained  fish.  Dawbin 
and  Falla  (1953)  and  Dall  and  Dunstan  (1957) 
also  gave  evidence  that  the  humpback  feeds 
little  during  winter  when  in  the  coastal  waters 
of  lower  latitudes.  Between  1961  and  1963,  of 
32  humpback  whales  examined  at  Durban  by 
biologists  ol  the  ICS,  only  12.6  %  had  food  in 
tiieir  stomachs. 

In  Figs.  31  and  32  the  feeding  incidence 
of  blue  and  fin  whales  is  shown  for  areas  o(T 
South  Africa.  The  immature  whales  appear  to 
feed  more  readify  than  the  mature  whales,  but 
even  they  seem  to  be  feeding  at  onl\  about  half 
the  frequency  found  in  high  latitudes.  The 
average  feeding  incidence  ui  aduib  ofl^  South 
Afika  pcobably  amoums  to  about  20  %  or  less. 
In  Fig.  30,  data  of  Mackintosh  and  Wheeler 


(1929)  are  shown,  but  the  breakdown  of  these 
by  species  and  matunty  in  Fig.  31  is  perhaps 
more  relevant  because  of  the  diflerence  be- 
tween the  mature  and  immature  categories. 
Information  from  Bannister  and  Baker  (I%7) 
indicates  that  the  incidence  of  feeding  is  com- 
paratively low  around  Durban,  in  both  fin  and 
sei  whales  (see  Table  6).  However,  data  of  Best 
(1%7)  indicates  that  feeding  incidence  is  gen- 
erally higher  off  Cape  Province,  thus  indi- 
cating, perhaf^,  that  where  food  is  available  in 
lower  latitudes,  it  is  readily  taken. 

Seamnal  F^eeUng  Pattmi 

The  pattern  of  feeding  during  the  year 
appears  to  be  seasonal  for  humpback,  blue 
and  fin  whales,  and  probably  to  a  certain  ex- 
tent for  sei  whales.  The  incidence  of  feeding 
during  winter  in  low  latitudes  is  generally 
considerably  less  than  50  %,  and  is  probably 
less  than  20  %  anunigst  adult  whales.  The  level 
of  incidence  of  feeding  in  low  latitudes  is 
clearly  very  variable  according  to  locality  and 
food  availability.  On  the  other  hand,  feeding 
during  the  summer  in  high  latitudes  appears 
very  successful  with  frequences  of  85  %  or  so 
in  the  polar  waters.  However,  sei  whales  pre- 
sent m  sub- Antarctic  latitudes  dunng  summer 
may  not  feed  at  quite  such  high  frequencies  as 
those  in  the  Antarctic 

QuantUies  and  R/aes  of Feedbig 

In  the  Southern  Hemisphere  there  is 
much  evidence  to  show  that  of  all  feeding 
whales,  those  in  lower  latitudes  take  litde  food 
compared  with  those  in  the  Antarctic  waters. 
Mackintosh  (1942)  showed  that  among.st  blue, 
fin,  sei  and  humpback  whales  off  Durban  in 
1930,  an  average  of  96  %  had  empty  stomadis 
and  the  remainder's  stomachs  contained  little 
food.  In  Table  7  ii  is  clear  that  off  South 
Georgia  stomachs  a)niaining  lixxi  are  gener- 
ally fun  whereas  ofTSouth  Afiica  food  otmtents 
even  in  feeding  whales  are  veiy  small. 
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TaU*7.  Atmmm 
toAmtt 

balaai  nhalca 

WlMd«r(l«9) 

■lined  ^aaMitivdy,  of 
aecording  to  Mackiii- 

Locality 

9  stomachs 
Gonlaiiung  food 

%  food-oooMioing 
stomachs 

full/  , 
mcxleraielv  "^"^^ 

full  «='"p'y 

South  Georgia 
(OcL  10  May) 

87 

73  27 

Souifa  Aftica 
(June  to  Oct.) 

43 

24  76 

In  the  Antarctic,  some  eslimalcs  of  max- 
imum fullness  of  (he  first  stomach  have  been 
given  from  actual  weighings.  In  the  sei  whale 
for  example,  Brown  (1968)  found  305  kg  ofkiill 
in  a  14.7  m  female,  -ind  175  ki?  in  all  three 
stomachs  of  a  15  m  male.  Zenkovich  (1969) 
mentioned  thai  300  kg  of  food  is  a  usual 
amount  in  Antarctic  sei  whales,  fai  the  sub-An- 
tarctic, Kawamura  (1970.  1974)  found  amaxi« 
mtun  fullness  of  about  lSO-230  kg  of  food  in 
13-17  m  sei  whales. 

Off  South  Africa,  usual  amounts  are 
considerably  less.  Gambell  ( 1968)  found  that  16 
kg  of  shrmips  represents  observed  maximum 
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h'Ki.  J2.  -  Inchknce  orfood  in  the  stomachs  of  Southern  Hemispheic  fin  whales. 


Aillness  of  the  stomach  of  a  14.1  m  sd  whale  at 

Durhiin.  Best  (1967),  however,  found 
thai  59  kg  represents  the  largest  mcai  for  a  sei 
whale  off  Cape  Province.  Frequently,  consid- 
erably less  quantities  are  observed,  3-5  kg 
beinc  a  moderate  meal  for  a  14-15  m  sei  whale 
off  Durban  (Best,  1967  and  Gambell,  1968).  In 
any  case,  the  largest  meal  during  winter  can 
only  amount  to  a  fraction  of  that  taken  during 
the  summer  feeding  season.  Gambell  (1968) 
found  that  the  food  quantity  consumed  in  the 
Antarctic  summer  amounted  to  about  5  to  19 
times  that  taken  during  winter  off  South  Africa. 
Thus,  considering  that  the  incidence  of  feeding 
in  summer  is  at  least  twice  that  in  winter,  as 
abeathr  discwsed,  die  average  amounts  con* 
sumed  off  South  Africa  probably  amount  to 


about  10  %  or  less  of  that  in  the  Antarctic. 

The  largest  quantities  held  by  the  stom- 
ach of  Antarctic  fin  whales  amounted  to 
130-885  kg  food  in  18-23  m  length  animals 
(Kawamura,  1970,  1974).  Sal'nikov  (1953) 
maintained  that  a  full  stomach  of  a  21-22  m  fin 
whale  holds  800-900  kg  of  food.  In  the  North 
Pacific  Betesheva  (1954)  found  that  50-250  kg  is 
a  normal  meal  for  fin  whales  and  Ponomareva 
(1949)  mentioned  that  450  kg  of  food  is  the 
usual  quantity  in  18-19  m  fm  whales.  Zenko- 
vicfa  (1969)  estimated  that  a  meal  in  the  An- 
tarctic for  a  fin  whale  appro.ximates  to  700  kg. 
From  observations  and  calculations  Zenkovich 
also  gave  estimates  of  a  meal  of  1  000  kg  for 
Uue  whales  (an  estimate  also  given  by  CoUett, 
1911-12,  for  Atlantic  bhie  whales)  and  SOO  kg 
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for  humpback  whales  in  the  Antarctic.  A  pre- 
viously unpublished  record  of  a  24.7  m  preg- 
nant blue  whale  carrying  400  kg  of  krili  was 
made  aboard  the  Eastern  venturer  in  Maich 
1946  in  the  Antarctic,  and  this  quantity  pro- 
bably repre^nts  only  a  moderate  amount.  Be- 
tesheva  (1955),  Nemoto  (1957)  and  Kawamura 
(1971)  found  that  the  quantity  of  food  disco- 
vered decreases  with  chasing  of  the  whale.  This 
is  because  of  eruction  of  stomach  contents,  and 
also  gradual  digestion  and  cessation  of  feeding 
during  chasing,  which  all  contribute  to  observ- 
ing less  than  the  potential  maximal  food  quan- 
tities. 

Kawamura  (1971)  gave  some  evidence 

that*  in  the  North  Pacific  feeding  is  likely  to 
occur  maximally  only  twice  daily  at  intervals  of 
10-15  hours  or  at  any  rate  the  equivalent  of  two 
replete  meals  a  day,  and  more  likely  only  one 
full  meal  a  day;  the  numbers  of  fin,  sei  and 
sperm  whales  caught  with  full  stomachs  is  re- 
duced to  70  %  m  the  Hrsl  half  of  the  day  and 
50%  by  mid-afteraoon.  He  believed  that 
25-30  T  of  the  sttmiach  contents  are  digested  in 
5  hours,  so  that  the  remaining  food  would  be 
digested  in  the  following  14-15  hours.  He  had 
monitored  chased  whales  closefy  and  had  been 
able  to  allow  for  vomiting. 

ICawamura  (1970,  1974)  had  evidence 
that  in  the  Antarctic,  the  sei  whale  feeds  diiefly 
in  the  morning  and  sporadicalty  throughout  the 
day.  sti  that  feeding  may  be  a  semi-continiious 
process  until  evening,  with  a  clear  feedmg  peak 
only  once  a  day.  Nemoto  (1959)  suggested  that 
feeding  OOCUfS  more  frequently  in  the  morning 
and  evening  in  the  North  Pacific  and  Antarctic. 
Off  Cape  Province,  Best  (1967)  found  that  the 
highest  incidence  of  fiseding  occurred  during 
the  dav  Olisumi.  Masaki  and  Kawamura 
(1970)  found  that  for  nunke  whales  in  the  An- 
tarctic, feeding  activity  is  at  a  peak  in  the  early 
morning  and  gradually  decreases  towards 
mid-day,  and  increases  again  slightly  in  the 
evening.  They  believed  that  the  feeding  activity 
of  the  whales  is  regulated  by  the  dhimal  mig- 
rations of  the  food  planktons  rather  than  by  the 
whales  themselves,  so  that  feeding  might  be 
contmuous  if  Ibod  was  readily  available  at  ail 


times. 

The  consensus  of  information,  therefore, 
indicates  that  whilst  feeding  activity  may  take 
place  at  all  times  of  die  day,  feeding  generally 

reaches  a  peak  once  or  perhaps  twice  a  day,  and 
is  correlated  with  the  abundance  of  food 
plankton  at  these  times. 

It  is  worth  noting  the  stomach  structure  in 
relation  to  food  quantities.  As  already  noted, 
the  stomach  comprises  three  chambers:  fore- 
stomach  deficient  in  secretory  glands,  where 
food  is  stored  and  mechanically  ground  up; 
main  stomach  equipped  with  pepsin  and  hyd- 
rochloric acid  glands;  pyloric  stomach  equipp- 
ed with  digestive  glands  (Slijper,  1962).  One 
school  of  thought  suggests  that  whales  are 
evolved  from  ungulate  animals  which  also 
have  multiple  chambered  stomachs.  The 
whale,  however,  is  a  carnivore  in  ^iho,  the 
development  of  such  a  stomach  may  have  al- 
lowed it  to  adapt  to  feeding  continuouslv  and 
ma^ivcly  when  food  is  abundant  and  thus  to 
expknt  the  situation  to  its  fullest. 

When  whales  are  examined  for  stomach 
contents,  trcquently  only  the  forestomach  is 
examined.  Certainly  only  in  the  forestomach 
can  the  exact  prey  species  eaten  and  size  distri- 
bution of  these  species  ever  be  identified  before 
digestion  attacks  the  food  in  the  other  stomach 
chambeis.  However,  examination  of  the  fore- 
stomach only  for  evidence  of  recent  feeding  and 
quantities  taken  may  be  misleading  as  already 
discussed. 

The  knowledge  of  the  maximinn  quan- 
tity of  food  a  stomach  can  hold  is  only  a  step 
toward  estimating  total  daily  food  intake.  Ava- 
ilabihty  of  food,  digestion  rate  and  energy  re- 
quirements are  afl  controlling  factors  in  daily 
rood  consumption. 

Daily  food  corLsumption  rates  are  even 
more  uncertain  than  maximal  quantities  of 
food  contained  in  the  stomach.  Klumov  (1961) 
claimed  that  I  000  to  I  500  kg  of  food  is  con- 
sumed daily  by  an  18-19  m  fin  whale  in  the 
North  Paoflc.  Zenkovich  (1969)  stated  that 
bhie  whales  take  4  000  kg,  fm  whales  2  800  kg 
and  humpbacks  2  000  kg  of  food  daily,  if  they 
feed  about  4  times  daily  as  he  supposed  ui  tlie  427 
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cold  food-rich  areas  of  the  Antarctic.  He  men- 
tioned that  sei  whales  may  feed  up  to  5  times 
daily  so  consuming  1  500  kg  of  food  in  the 
Antarctic.  These  figufcs  apply  during  the  120 
davs  feeding  season  for  blue,  fin  and 
humpback  and  l(X)days  for  sei,  and  also  assume 
that  digestion  of  food  in  the  stomach  after  a 
meal  requires  3-4  hours.  Tomilin  (1967)  esti- 
mated that  the  digestion  rate  in  dolphins  is  fast 
and  that  a  full  meal  would  take  14  hours  to 
reach  the  large  intestine  from  the  mouth. 
There  is  no  reason  to  suppose  that  Cetacea 
feeding  on  a  carnivorous  diet  would  differ 
much  in  their  digestive  capabilities.  Kawamu- 
ra  (1974)  at  least,  believed  thai  total  digestion 
in  sei  whales  would  not  differ  greatly  from  that 
in  dolphins. 

There  are  further  data  on  quantities  of 
food  in  whale  stomachs  from  the  Antarctic  and 
North  Padfk,  given  by  CoUett  (1911-12), 
Heyerdahl  (1932),  Nishimoto,  Tozawa  and 
Kawakami  (19.*^2).  Betesheva  (1954,  1955), 
Nemoto  (1959,  1962),  Sergeant  (1969),  Shevt- 
sov  (1963)  and  Tomilin  (1967).  However, 
these  observations  do  not  necessarily  indicate 
the  potential  maximal  feeding  capacity  of  Ce- 
tacea, but  more  probably  indicate  the  varia- 
bility in  feeding  capacity.  Sergeant  (1969) 
produced  an  interesting  and  possibly  mean- 
ingful correlation  between  heart  weight, 
body  weight  and  maximal  food  weight  con- 
sumed in  unit  time.  He  found  (hat  the  food 
weight/body  weight  ratio  for  adult  dolphins 
and  small  whales  approximates  4  %,  also  that 
the  heart  weight/ body  weight  ratio  was  about 
a  tenth  of  the  food  weight/ratio,  0.4  %.  He 
predicted  that  food  weight/body  weight  ratios 
amongist  the  large  rorquals,  during  the  sum- 
mer feeding  season,  would  be  alxMit  4  %. 

Gray  (1964)  made  the  observation  that  a 
full  grown  captive  Tursiops  truncatus  weighing 
between  225  and  275  kg  normally  consumes 
about  7-9  kg  daily  (about  3  %  body  weight), 
and  even  if  fed  to  capacity  five  times  daily  will 
only  consume  about  11.5  kg  of  fresh  herring 
and  eels.  However,  he  recorded  a  captive  180 
kg  female  TWs^mw  being  given  20  kg  offish  a 
day  (about  11  %  body  weight),  and  another 


taking  a  similar  amount.  Rowe  (1968)  com- 
mented that  two  adult  female  dolphins  in 
captivity  consumed  about  1 1.5  kg  offish  daily. 
Newman  and  MacOeer  (1966)  meatioiied  that 
a  subadult  male  killer  whale,  weighing  1  040 
k^.  consumed  45-90  kg  of  salmon  and  cod 
daily  (about  6  %  body  weight)  whilst  in  cap- 
tivi^.  Wahrenbrock  et  aL  (1974)  mentioned 
that  a  captive  10  months  old  gray  whale  calf 
weighing  about  6  150  kg  consumed  up  to  820 
kg  of  squid  daily,  representing  about  13  %  of 
body  weight.  This  seems  a  very  great  quantity 
compared  with  dolphins,  but  may  be  so  only  in 
newK  weaned  whales,  and.  therefore,  inap- 
phcable  to  older  anunaLs.  Sergeant  (1969) 
summarized  similar  data  for  a  variety  of  dol- 
phins and  small  whales,  which  are  similar  to 
those  just  mentioned,  and  found  that  4  %  body 
weight  is  generally  consumed  daily.  Food  re- 
quirements of  capthre  Cetacea  are  likely  to  be 
variable,  however,  according  to  the  amount  of 
activity  demanded  by  the  individual  dolphi- 
naria. The  usual  daily  food  intake  m  dolphins 
and  small  whales  is  therefore  about  4  %  of 
body  weight  or  40  g  of  food  per  kg  of  body 
weight. 

Klumov  (1963)  eslimalcd  thai  30-40  g  of 
food  per  kg  live  body  weight  is  consumed  daily 
by  baleen  whales  during  the  feeding  season. 
This  estimate,  and  that  for  small  Cetacea,  are 
comparable  with  estimates  of  approximate- 
ly 30-35  g/kg/day  in  man  (Brody,  1968) 
amounting  to  55  kcal/kg/day.  The  captive 
elephant  consumes  13  g/kg/day  amounting  to 
about  56  kcal/kg/day  according  to  Benedict 
(1936),  and  10.5  kg/day  equivalent  to  42 
kcal/kg/day  in  the  wild  according  to  Pelrides 
and  Swank  (1965).  Cattle  according  to  Brody 
(1968)  require  20-32 kcal/kg/day  representing 
5-8  g/kg/day  of  digestible  nutnents  (diy 
weight)  for  maintenance 

Brody  (1968)  discussed  the  annual  food 
consumption  in  man,  cattle,  dephants  and 
chickens,  which  represents  between  four  and 
nine  times  the  body  weight,  the  food  being  in  a 
crude  state.  Brody  also  showed  that  relative 
energy  needs  decrease  with  an  increase  in 
body  size,  the  daily  requirement  of  digestible 
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nutrients  being  related  to  body  weight  by  a 
power  of  approximately  0.73  of  body  weight  in 
most  animals.  The  whale,  therefore,  might  be 
expected  to  consume  annually  a  quantity  of 
foodstuff  nearer  the  lower  multiple  of  four 
times  the  body  weight.  If  the  whale  were  lo 
consume  approximately  30-40  g  food/kg/day 
during  the  feeding  season  <^  120  days,  equiv- 
alent to  12  g  food/kg/day  over  a  year,  about 
3.5-5  times  the  body  weight  would  be  eaten  in 
a  year. 


Methods  of  feeding 
in  baleen  whales 

Nemoto  (1959.  1968  and  1970)  arbitrar- 
ily classified  whales  into  three  feeding  cate- 
gories: swallowing,  skimming,  swallowing  and 
skimming,  according  to  the  anatomical  detail 
of  the  jaws  and  baleen  type.  The  lattermost 
group  comprises  the  sei  and  gray  whales. 
Skimming  types  are  all  the  right  whales,  and 
the  swallowing  types  which  are  of  most  interest 
here,  include  the  blue,  fin,  humpback,  minke 
and  Bryde  whales. 

According  to  Nemoto  (1959.  1970),  the 
.swallowing  method  of  feeding  in  rorquals  is  to 
take  food  into  the  mouth  by  gulping  plankton 
from  concentrated  swarms.  Sal'nikov  (1953) 
and  Kawamura  ( 1 974)  stressed  the  necessity  of 
ooncentrateti  tnod  swarms  for  the  feeding  of 
rorquals.  The  planktonic  foodstuff  is  retained 
in  the  mouth  whilst  water  is  strained  oil 
thffouglh  the  fringed  baleen  phites  in  the  gums. 
Roiquitls  other  than  sei,  however,  rarely  if  ever 
swim  open-jawed  sifting  plankton  as  do  the 
Klffatimtng  type  right  whales. 

The  baleen  plates  are  keratinized  epi- 
thelial structures  with  a  central  cortex  of  hol- 
low tubules  (Ichihara.  1966).  Teeth  are  present 
only  as  rudimentaiy  buds  m  the  foetal  |ums. 
On  average,  about  300  plates  are  present  m  the 
upperjawsof  balaenopterids,  although  there  is 
considerable  variation  in  the  number,  both 
within  and  between  species.  In  Figs.  33  and  34 
some  recent  data  or  maximum  lengths  and 
widths  of  baleen  phites  collected  between  1960 
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and  1965  from  South  Georgia,  on  board  a 
factory  ship  in  the  Antarctic,  and  at  Durban,  are 
shown.  The  lengths  shown  are  total  lengths 
including  the  portion  normally  embedded  m 
the  gum,  and  the  fringe,  and  because  the 
measurements  have  been  made  in  this  way, 
they  are  consistently  higher  at  a  given  body 
length  than  the  results  of  Mackintosh  and 
Wheeler  (1929)  and  Matthews  (1937,  1938). 
For  any  givoi  body  loigth,  the  largest  species,  429 
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blue  and  fin,  carry  shorter  and  narrower 
baleen  plates  than  the  corresponding  sized 

animal  of  the  smaller  species,  sei  and  hump> 
back.  The  length  and  width  of  the  baleen  pla- 
tes must  be  a  function  of  the  filtration  capacity, 
and  this  may  be  a  reflection  of  comparatively 
higher  metabolic  rates  and  thus  higher  food 
requirements  per  kilogramme  of  flesh  needed 
by  smaller  animals.  Brody  (1968)  tbrniulated 
the  role  that  the  amount  of  energy,  M,  ex> 
pended  in  basal  metabolism  per  ldk>gramme 


of  flesh  decreases  with  an  increase  in  body 

weight,  W: 

M  =  70.5W-«« 

where  W  is  in  kilogrammes.  M  is  kcal/kg. 

The  normal  sizes  of  krill  retained  by 
these  baleen  plates  are  20  to  65  mm  in  length, 
the  smaller  sizes  normally  escaping  through 
the  baleen  filters  (Heyerdahl,  1932;  Marr, 
1962).  Laurie  (1933)  and  Klumov  (1961)  be- 
lieved that  baleen  whales  do  not  dive  deeper 
than  100-130  m  in  search  of  krill  which  is  not 
generally  abundant  below  this  depth. 

According  to  Klumov  (1961),  SUJper 
(1962)  and  Nemoto  (1970),  once  the  mouth  is 
full  the  jaws  close  and  the  buccal  cavity  is 
reduced  in  dimension  in  order  to  expel  water 
through  the  baleen  filtration  system.  The  floor 
of  the  mouth  is  strongly  muscular  and  effects 
alterations  in  internal  mouth  volume  with  the 
aid  of  the  tongue;  the  longitudinal  ventral 
grooves  under  the  Uiroat  may  also  play  a  part 
m  changing  the  shape  of  the  floor  of  the 
mouth  by  the  ability  to  expand  and  contract. 
The  tongue  which  is  fixed  to  the  tloor  of  the 
mouth  rises  and  in  some  way  pushes  food  down 
the  oesophagus.  The  diameter  of  the  latter, 
which  may  be  up  t(>  about  26  cm,  can  easily 
accommodate  whole  items  of  food  much  larger 
in  size  than  krill,  such  as  squid  and  her- 
ring-^e  fish. 

Esiimuiion  of  Swallowing  Volume  in 
Rorquals 

Williamson  (1972)  and  Cousteau  and 
Diol6  (1972)  have  some  photographs  of  ba- 
laenopterid  whales  swimming  underwater, 
showing  the  true  head  profile  in  life.  In  Fig.  35 
three  photographs  of  the  minke  whale,  ob- 
served by  Dr  G.R.  Williamson  m  1970  off 
Japan,  are  reproduced  and  show  in  A  and  B 
the  typical  appearance  of  the  head  whilst 
swimming.  In  C  the  animal  Ls  dead  and  the 
lower  jaw  has  sagged  open  displaying  the  ba- 
leen phites  in  the  manner  that  might  be  ex- 
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FlO.  35.  -  Photographs  of  a  minkc  whale,  by  courtesy  of  Dr  G.R.  Williamson,  showing  in  A.  the  side  view  of  the  head  with 
contracted  throat  grooves;  B.  the  dorsal  view  of  the  rostrum;  C.  the  side  view  of  the  head  with  jaws  gaping,  displaying  the  baleen 
niters. 


pected  during  feeding.  The  most  significant 
features  of  the  balaenopterid  head  are  as  fol- 
lows: 

(I)  the  expanding  muscular  sac  b^ow  the 
scooplikc  jaw  must  effect  alterations  in 
the  internal  mouth  volume; 


(2)  the  rigid  narrow  upper  jaw  fits  into  the 
lower  jaw  like  a  lid  with  the  baleen  plates 
housed  inside  the  lower  jaw  sac; 

(3)  the  long  baleen  plates  at  the  rear  of  the 
upper  jaw  gradually  taper  to  a  very  short 
length  at  the  jaw  lip  so  that  water  can  431 
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easily  enter  the  mouth  without  requiring 
the  jaws  to  open  widely; 

(4)    the  long  baleen  plates  at  the  posterior  of 

the  mouth  must  ensure  that  water  flows 
continuously  into  the  mouth  whilst 
swimming  forward. 

The  skeletal  parts  of  the  jaws  and  the 
baleen  plates  represent  the  constant  immut- 
able dimensions  of  the  mouth.  The  floor  of  the 
mouth  in  life  is  a  soft  muscular  tissue  which 
can  expand  and  contract  (presumably  partly 
bv  using  the  ventral  grooves  and  the  tongue)  so 
allcrnig  the  capacity  of  the  lower  jaw  space. 
Nemoto  (1959)  found  that  the  ventral  grooves 
of  rorquals  usually  extend  45-58  back  along 
the  body  from  the  head  so  permitting  much  dis- 
tension. 

In  Pigs.  36  and  37  the  profiles  and  cross 

sections  respectively  of  the  head  and  lower  jaw 
sac  are  shown.  These  are  constructed  from 
measurements  of  the  lower  jaw  bones  of  a 
minke  whale  in  the  British  Museum  (Natural 
History),  shown  in  Fig.  36,  and  from  photo- 
graphs by  Dr  G.R.  WiUiamson;  also  from  a 

Ehotograph  of  a  dead  whale  initially  captured 
y  the  Anglo -norsc  in  January  in  a  posi- 
tion 6rS,  27"W.  Fhe  photograph  of  this  dead 
minke  whale  which  was  suspended  vertically  by 
the  tail  stock,  was  taJcen  by  Mr  J.E.  Hamilton. 
The  original  negative  is  no  longer  available  for 
reproduction  However,  the  profile  of  the 
whale  has  been  outlined  in  Fig.  36.  The  sag  in 
the  lower  jaw  of  this  whale  has  been  taken  as 
some  kind  of  indication  of  the  potential  ex- 
pansion of  (he  sac,  although  the  actual  shape 
compared  with  that  in  life  may  be  distorted 
because  of  iStxt  weight  of  internal  organs  bear- 
ing down  on  the  throat  region.  Until  reliable 
evidence  on  the  true  shape  of  the  lower  jaw  of 
whales  during  feeding  is  available,  the  lower 
jaw  shape  of  the  dead  whale  will  be  used  as  an 
indication  of  the  possible  shape.  The  profile  C 
in  Fig.  36  has  therefore  been  taken  to  illustrate 
the  degree  of  distension  ol  the  lower  jaw  sac 
when  swallowing  and  filtering.  The  mtemal 
lower  jaw  space  or  swallowing/filtering  vol- 
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Flo.  36.  -  GeneralizedouUinediagnimsof  thesluipeof  (he 
held  of  a  minke  whale,  showing  in  A,  B  and  C.  the  throat  in 
the  contracted  siatc.  and  also  expanded  as  an:tcip;iu  J  .vtun 
feeding.  The  lower  jaw  is  also  outlined  in  II.  to  i1k-  ■vimc  M.alc. 
to  show  :liL  L  i.iMh  and  breadlh  of  Ihc  moulh.  In  V  ihc  profile 
of  a  niinkc  whale  photographed  by  Hamilton  in  192S  is 
shown. 


ume  can  then  be  estimated  from  the  difference 
between  mouth  volumes  of  the  whales  ^own 
in  A  and  C  of  Fie  36 

It  is  worth  noting  that  long  before  pho- 
tographic evidence  was  available  demonstrat- 
ing the  normal  contracted  shape  of  the  lower 
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FlCi.  37.  1  ransNcrvc  scri.il  luilt  ^cclions  of  ihe  lower  jaw 
sac  in  a  niinkc  whalc-  I  lie  pusiiions  ol  ilic  numbered  seclions 
are  shown  in  J  ig  36.  I  he  Icrms  used  arc  as  follow.s:  s  —  the 
dqMkofthe jaw  sac  as  in  Fig.  36,  A;  S  =  the  depth  of  ihejaw 
SK  M  in  Fi|.  36,  C;  V  -  the  esttnuited  volume  of  the  Jaw  sac 
between  ad|aoenl  serial  aectioas:  each  serial  section  is  10  nnils 
apart  fiom  adjacent  ones.  The  text  gives  ftiUer  exptanation. 


jaw  of  rorquals,  Mr  J.H.  Hamilton  had  already 
described  to  the  "Discovery"  Committee  in 
1928.  in  some  detail  in  his  log,  that  the  head 
shape  ol  the  minkc  whale  during  swimming, 
was  very  streamlined  and  quite  unlike  the 
baggy-throated  creatures  depicted  in  drawings 
at  that  time. 

1  he  serial  sections  of  the  lower  jaw  sac  in 
Fig.  37  correspond  to  the  positions  indicated  in 
Fig.  36.  The  difference  in  mouth  volume  of  the 
contracted  and  expanded  lower  jaw  sac,  has 
been  calculated  assuming  that  the  overall  jaw 
length  is  100  units  and  that  the  sectional  areas 
are  at  intervals  of  10  units  commencing  5  units 
and  endinj!  95  units  back  from  the  jaw  tip.  The 
approximate  overall  volume  difference  calcu- 
lated from  Fig.  37  is,  therefore,  10  2',°  v,where 
V  is  the  space  measured  and  contained  within 


the  two  sac  outlines  in  Fig  37  at  each  interval 
of  10  units  This  swallowing/ filtering  volume, 
10  ^'i  V,  found  to  be  1 16  460  units  from  Fig.  37, 
is  related  to  maximum  jaw  length  L,  maximum 

jaw  width  W.  and  fS-s)  the  difference  in  ma- 
ximum depth  o\  the  sac  at  the  point  of  greatest 
jaw  width  as  toUows: 

1)  '  116460  =  K  (100  54.5  •  (47-21)), 

therefore 

2)  102?»v  =  0.82(LW-(S-»)). 

Predieted  filtering/swallowing  volumes 
for  different  jaw  lengths  are  shown  in  Fig.  38. 
This  assumes  that  the  jaw  proportions  remain 
fairly  constant  as  the  jaw  lengUi  increases. 


I  Measurements  taken  from  Figures  36  and  37. 
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MINKC  WHALES 


aMjNHl  n 
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FIN  WHALE     SEI  WHALE 


BM(Nri  no 
184M.790e 


BM(NH}  no 
188S.  10. 25. 1 


HUMPBACK 

WHALE 
BM(NH)  no 
1876.2.15.1 


Fig.  38.  -  Scale  ouliinc!>  ut  the  low  er  jaw  hones  ol  rorqual 
specimens  housed  in  the  British  Museum  of  Natural  Hisioiy.  433 
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In  Fig.  39  the  jaw  shapes,  based  on 
measurements  of  specimens  in  the  British 
Museum  (Natural  History)  of  several  rorquals 
have  been  drawn  to  scale  for  comparison.  It  is 
clear  that  whilst  the  rostral  shape  may  differ, 
lower  jaw  shapes  are  very  similar  in  all  ror- 
quals except  in  the  humpback  where  the  jaws 
are  immensely  wide. 

In  Table  8,  the  relationship  between  jaw 
length  and  width  is  shown  for  the  jaws  drawn 
in  Fig.  39.  It  is  dear  that  the  jaws  of  minke, 
blue  and  fin  whales  are  similar  in  shape, 
whereas  those  of  humphack  whales  arc  relati- 
vely broader  and  those  of  sei  are  narrower. 
The  humpbadc  whale  is,  of  ooiiise,  in  a  difre> 
rent  genus,  and  the  sei  whale  is  observed  to 
feed  in  a  slightly  different  manner  from  the 


BODY  LENGTH  (mtrM) 

m 

1 

tn 

00 

6 
« 

9 

to 

2 

_l 
O 
> 

o 
z 

E 

s  „ 

C9 

z 

i 

< 
* 

0 

1            2            S           4           S  S 

OVDUU.  LENGTH  OF  JAW  {imrtrw) 

FlU.  39.  -  Calculiiteii  mnilliiwiiig/akering  volume  n  dif- 
feicnt  sizes  of  loiqiiab. 


TflMe  8.  Rdationshlp  of  Jaw  AMttrioH  In  Meml  Meca 

whaJes 


Species 

Maximum  jaw  width 

as  %  total 

jaw  length 

Jaw  width  at 
midlength  as  % 
half  jaw  length 

Humpback 

71.5 

130 

Blue 

58 

102.5 

Minke 

563 

103.5 

Fin 

S2 

110 

Sei 

523 

93.5 

other  rorquals.  If  the  jaw  lengths  in  Fig.  38  are 
extrapolated  the  corresponding  calculated 
mouth  volumes  arc  a  probable  indication  of 
jaw  capacity  in  the  blue  and  fin  whales. 

The  average  jaw  lengths  and  jaw  widths 
in  relation  to  body  lengths  in  different  rorquals 
arc  shown  in  fable  9.  FIk^c  i'lt-ures  arc  based 
on  the  same  data  used  in  the  body  proportion 
analyses  in  Figs.  4  and  5  given  earher.  From  a 
cross-reference  between  Table  9  and  Fig.  38, 
swallowing/filtering  volumes  in  different 
lengths  of  mmke,  blue  and  fm  whales  can  be 
estimated. 

If  during  a  feeding  cycle  the  whale  opens 
the  mouth,  expands  the  buccal  cavity  so 
drawing  water  in  by  vacuum  effect,  closes  the 
jaws»  contracts  the  buccal  cavity  and  expels  the 
water  through  the  baleen  filters,  and  then 
swallows,  there  is  no  need  for  the  whale  to 
swim  very  fast.  However,  this  method  of  feed- 
ing requires  a  very  dense  concentration  of 
plankton.  Klumov  (1961, 1963)  has  mentioned 
the  problems  of  such  feeding  in  waters  where 
production  is  low  and  of  the  low  yield  of  food 
per  filtration  -  even  though  he  estimated  that 
the  total  mouth  volume  open  during  feeding  is 
6  m'  in  18-19  m  fin  whales.  Other  estimates  of 
average  swallowing  volumes  for  baleen  whales 
are  10>15  m'  (Ncfmoto,  1970)  and  43  m'  (Fra- 
ser,  unpublished,  quoted  in  Marshall  and  Orr* 
1955,  verbal  conini  ). 

Klumov  (1961)  reckoned  iliai  m  waters 
where  production  is  low  the  whale  may  sift 
food  while  swimming  along,  although  there 
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TMMe  f.  Average  length  (■MMt  10  gqic)  iH  wlddi        to  ppe)  hi  mlffM  of  lower  Jww  tff  hrtew  wholct,  OMlct  tut  fHBoles 

combined  * 


Blue  Fm  Sei  HnmplMcfc 

Body  length  jaw  jaw  jaw  jaw  jav.  jaw  jaw  jaw 

(incirc!i)  length         width  length         width  length         width  length  width 

(in  metres)  (in  metres)  (in  metres)  (in  metres) 


8-  9 

9-  10 

10-  ll 

11-  12 

12-  13 

13-  14 

14-  lS 

15-  16 


16-17 

2.79 

1.79 

17-18 

3.09 

1.91) 

18-19 

3.30 

1.97 

19-20 

3.S4 

2.13 

20-21 

3.79 

Z27 

21-22 

4.08 

2.44 

22-23 

4J7 

2.51 

23-34 

4.72 

2.61 

24-25 

4.84 

2.80 

5.21 

2.93 

2&>27 

5.2S 

2.98 

27-28 

539 

3.01 

28-29 

6.10 

3J0 

131 

2.19 

1.23 

137 

2J9 

1.24 

162 

155 

1.39 

186 

2.84 

IJ9 

2.95 

iJ09 

1.71 

3.23 

3.38 

1.83 

3.42 

3.68 

1,97 

3.95 

2.06 

4.13 

2.16 

4.26 

2.26 

4.55 

2.43 

4.87 

2.40 

5.13 

2J0 

1.83  1.36 

134  1.69 

140  187 

1.19            2.80  1.91 

1.29           ;.9S  2.15 

1.43           3.23  119 

1.51  3^  131 
1.57 

1.66 
I.7I 


■  DUM  fioB  MMidniatk  ud  Wheekr  (1929)  and  Mauliews(l937. 193S). 


must  be  :i  critical  maximum  swimming  speed 
to  avoid  turbulence.  Gunthcr  (1949)  mention- 
ed instances  in  the  Antarctic  where  whales 
have  almost  certainly  been  feeding  and 
swimming  along  slowly  on  one  side  rather  than 
upright.  The  reason  for  this  is  not  known,  but 
could  po.ssibly  be  a  function  of  the  density  and 
depth  of  a  krill  swarm  and  also  the  time  of  day 
which  mu.st  influence  the  dispersion  of  the 
plankton.  The  whale  swimming  on  one  side  is 
more  likely  to  zig-zag  laterally  through  a 
swarm  rather  than  up  and  down,  an  advantage 
if  the  depth  of  the  krill  swarm  is  ver\  reduced 
as  it  mav  be  at  certain  times  durmg  the  day. 

Gill  and  Hughes  (1971)  have  observed  a 
13  J  m  female  sei  whale  feecUng  on  sauiy,  Co* 


lolahis  Maura,  off  California  in  the  2-1/2  hours 
prior  to  capture.  The  saury  were  present  in 
large  schools  at  the  sea  surface.  The  sei  whale 
appeared  to  approach  the  saury  from  10  m 
below  the  surface  at  a  shallow  angle  of  ascent 
whilst  maintaining  a  3  knot  (ca  5.5  km/h) 
swimming  speed.  Once  beneath  the  saury,  the 
whale  rolled  to  the  surface  amidst  the  dispers- 
ing sauries.  After  capture,  the  observations  of 
feeding  behaviour  were  confirmed  by  the  pres- 
ence of 227  kg  of  saury  m  die  three  stomadis, 
those  in  the  first  stomach  being  very  fresh. 

Klumov  (1961)  estimated  that  feeding 
fin  whales  swim  forward  at  6  km/h  or  less. 
Other  estimates  of  speeds  of  swimming  are 
given  in  Table  15  in  a  later  section  on  meta-  435 
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holism.  The  most  likcK  swimminL'  speed  for 
any  feeding  rorqual  is  probably  in  the  range 
2-6  km/h,  the  slower  speed  possibly  occurring 
in  dense  shoals.  The  concratnition  of  food  in 
the  water  must  be  critical  forefiicient  feeding 
by  filtration. 

Klumov  (1961)  based  his  calculations  of 
feeding  rates  of  fin  whales  on  the  observation 
that  plankton  aincenlrations  in  Kurilc  waters 
were  only  500  mg/m'  in  1956.  He  came  to  the 
conclusion  that  this  density  was  insufllcient  for 
dTident  feeding  of  rorquals.  Nemoto  (1970) 
quoted  the  findings  of  low  euphausiid  con- 
centrations in  the  North  Pacific  of  100-200 
mg/m\  and  maxununi  concentrations  in  ilie 
North  Pacific  of  2  000  mg/m'  according  to 
Bogorov  and  Vinogradov  (1956).  Fven  in  the 
Antarctic  the  standing  stock  only  averages 
0.75-1.5  g/m' according  to  Nemoto  ( 1970).  In  a 
personal  communication,  DrN.A.  Mackintosh 
provisionally  estimated  that  the  density  of 
certain  swarms  of  krill  observed  and  sampled 
in  the  Weddell  drift  in  1931  amounted  very 
roughly  to  2.4  kg/m'  of  swarm  surface  area, 
say  2  ki^  'm',  in  su  ami  I  22  m  (4  fl)  thick.  He  was 
uncertam  whether  there  is  any  unil'ormity  in 
density  throughout  a  swarm.  It  is  not  known 
what  factors  induce  close  swarming  behaviour 
in  krill,  and  what  factors  dispel  it 

Supposing  Mackintosh's  estimate  of  2 
kg/m'  density  was  representative  of  typical 
swarms  ihen  the  potential  quantity  of  food 
filtered  in  one  filtration  volume  can  be  calcu- 
lated as  in  Table  10.  The  small  minke  whale 
seems  to  require  more  filtrations  in  order  to  get 
an  adequate  food  supply  than  the  large  ror> 
quals  which  can,  according  to  the  calculations, 
amass  sufficient  food  for  a  day  in  70-130  ni- 
trations. Klumov  (1961)  estimated  that  one 
filtration  would  take  about  30  seconds  so  that 
if  the  whale  were  to  feed  continuousiv  for 
about  an  hour,  adequate  nourishment  could 
be  taken.  Presumably  slightly  lesser  densities 
of  plankton,  which  are  more  frequently  en- 
countered, would  also  supply  sulTicient  nour- 
ishment, whilst  still  permitting  time  to  search 
out  new  feeding  areas.  However,  it  would  seem 
436   essential  that  me  food  plankton  swarms  near 


the  surface  for  at  least  a  few  hours  daily  so  that 
the  whales  can  feed  adequately  In  areas  \'v  here 
plankton  densities  arc  only  50U  mg/m  (^Klu- 
mov, 1961)  then  time  spent  feeding  would  be 
4  000  times  that  spent  amongst  dense  plankton 
of  2  kg/m'.  The  seasonal  feeding  pattern  ot 
many  rorquals  is  thus  a  necessity,  and  migra- 
tion into  the  Antarctic  grounds'  essential  for 
seeking  these  swarniini'  t\pcs  of  plankton.  A 
further  point  to  emphasize  the  importance  of 
swarming  plankton  is  that  the  baleen  filtration 
system  of  rorquals  is  inefficient  in  retaining 
very  small  specimens,  and  the  engulfing  of 
food  in  bulk  must  help  to  reduce  this  loss. 
Nevertheless,  on  these  calculations  the  whale 
could  acquire  the  food  quantities  it  requires  m 
the  Antarctic 

The  implication  by  Klumov  (1961)  that 
baleen  whales  may  encounter  difficulties  in 
seeking  sufllcient  nourishment  in  Kurile  and 
North  Pacific  water  through  their  inability  to 
find  dense  swarms  of  euphausiid s  must  be 
partly  discounted  because  there  is  much  evi- 
dence (Zenkovich,  1937)  that  baleen  whales 
readily  accept  herring,  capelin  and  other  shoal 
fish  when  they  are  available. 

Kawamura  (1974)  calculated  that  sei 
whales  feeding  during  summer  on  oopepods  in 
the  sub-Antarctic  could  not  achieve  maximum 
stomach  fullness,  however  long  ihey  spent  fil- 
tering, became  the  swarm  densities  are  insuf- 
ficient. He  observed  that  although  copcpods 
formed  the  most  t'rcqucntiv  found  food.stuff  in 
stomachs,  maximum  contents  did  not  exceed 
100  kg,  whereas  euphausiids  and  amphipods 
were  usually  present  in  quantities  of  150-200 
kg  and  150-250  kg  respectively.  Kawamura*$ 
conclusion  was  that  from  calculations  based 
on  Sergeant*s  correlation  between  heart 
weight,  body  weight  and  maximal  food  con- 
sumption, sei  whales  must  be  permanently 
hungry.  This  statement  may  be  well  founded 
for  certain  areas  where  sei  whales  have  been 
caught  and  examined,  but  the  fact  remains 
that  many  sei  do  penetrate  far  south  to  the 
Antarctic  where  they  certainly  feed  to  capacity 
on  euphausiids  and  amphipods. 

Considering  that  all  rorquals  have  been 
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Species 

Body  length 

(m) 

Body  wt' 

(kg) 

Foodraquired 

daily  at 
30-40  g/kg/day 
(kg) 

Filler 

vol.  (m') 
(hig.  39) 

Filler 

capacity 
(kg)  ' 

Calculated  no. 
offtltralions 

required  for 

satialion 

Minke 

5 
7 
9 

2iM\ 
4440 
5602 

71 
155 
196 

.10 
.35 
.8 

.2 
.7 
1.6 

355 
220 
122 

Fin 

14 

16  852 

590 

2.85 

5.7 

104 

18 

34  927 

1  222 

14.4 

85 

22 

62  503 

2  188 

14.9 

29.K 

73 

Blue 

16 
20 
24 
28 

23  749 
49  (>45 
88  702 
146390 

831 
1  717 
3  105 
5124 

3.2 
10.65 
18.00 
316 

6.4 
21.3 
36.0 
65.2 

130 
81 
86 
79 

'  CAnbtod  Ihm  LMkycr(l97»). 


found  to  be  feeding  very  little  during  winter 
compared  with  summer,  and  that  the  amount 
of  food  ingested  per  day  in  the  summer  is 
probably  of  the  order  of  3-4  %  body  weight  per 
aav,  overall  daily  food  consumption  averaged 
throughout  the  year  must  amount  to  consider- 
ably less  than  4%  body  weight.  Sergeant 
(1969)  in  fact  noted  that  although  the  large 
rorquals  would  seem  to  consume  the  equiva- 
lent of  4  %  of  body  weight  daily,  they  only  feed 
during  the  summer  months. 

Maxhnal  stomadi  distension  with  food 
is  perhaps  not  ncccss:ir\  for  ample  nutrition, 
although  the  advantage  atlorded  by  a  capa- 
cious multiple  stomach  is  there  when  food  is 
seasonally  abundant.  It  is  perhaps  important 
to  stress  that  no  animal  will  store  fat  unless  it 
has  been  consuming  an  inordmateiv  excessive 
amount  of  fbod.  Certainly  any  imale  whidi 
can  increase  its  body  weight  by  SO- 100  %  dur- 
ing the  feeding  season  must  he  considered  to 
be  "overeating"  at  this  time  wiili  respect  to 
maintenance  needs. 

Therefore,  I  oondllde  that  although 
feeding  during  the  summer  months  for  a  pe- 
riod of  120  days  only  amounts  to  about  4  %  of 
body  weight  daily,  the  average  throughout  the 
year,  alknving  for  reduced  winter  feeding  at 


about  a  tenth  of  summer  amounts  (0.4  %  body 
weight  daily)  is  probably  closer  to  1.5-2  %. 

Energy  content  and 

COMPOSmON  OF  KRILL 

Heyerdahl  (1932)  estimated  that  whole 
krill  conuins  78-89.3  %  water,  1.48  %  ash  and 
1. 1 5-4.6 1  crude  fat.  Il'ichev  (1967)  gave 
eslunales  of  75-82  %  water,  3.2-3.5  %  ash, 
1.2-3.4  %  crude  fat  and  13.7-17.8  %  crude  pro- 
tein in  wet  krill.  Hirano  ei  al.  (1964)  gave  the 
composition  as  76  6-79  8  %  water,  1.48-3.29  % 
ash,  2.12-2.65  %  crude  fat  and  13.88-19.63  % 
crude  protein  for  the  edible  parts  of  krill.  Vi- 
nogrado\ci  ( 1967)  gave  water  content  of  krill  as 
80 '^f .  Water  content  of  Meganvcliphanes 
norvegica  was  estimated  at  78  %  by  Raymonl, 
Srinivasagan  and  Raymont  (1971),  and 
Mauchline  and  Fisher  (1969)  gave  similar  val- 
ues for  other  species  of  eupnausiids.  Actual 
dry  weight  of  krill  is  thus  about  22  %  of  wet 
weight.  Vinogradova  (1960,  1967)  estimated 
that  the  dry'  weight  of  krill  comprises 
6.74-10.00  %  'ash,  11-26^  crude  (at  and 
52-67  %  protein.  Vinogradova  (1960)  found 
9.4-3S.S  %  fat  in  Etq^iamia  crystalbrophka.  In 
Meffmyctiphanes  norveffca,  Raymont,  Siini-  437 
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vasagan  and  Raymont  (1971)  found  that  the 
dry  weight  consisted  of  16.1  %  ash,  17.2  % 
lipid.  56.6  %  protein,  2.0  %  carbohydrate  and 
4.2  %  chitin.  It  is  likely  that  there  is  negligible 
free  carbohydrate  in  krill.  and  the  polysaccha- 
rides in  chitin  are  probabW  indigestible.  Il'i- 
chev  (1967)  found  that  kritf  dikfai  constituted 
over  26.4  %  of  wet  weight.  This  estimate  is 
unreliable  as  the  dissection  of  the  krill  seemed 
crude  and  incomplete.  Values  for  chitin  con- 
tent in  other  eophausiids  amounted  to 
53-12.8  %  of  dry  weight  (Jerde  and  Lasker« 
1966).  In  Xf.  norvegirci  the  indigestible  portion 
of  ash  and  chitin  constitutes  about  20  %  of  dry 
weight.  By  comparison  widi  other  euphaiisiids, 
the  actual  chitin  content  of  krill  is  probabfy  far 
less  than  10  %  dry  weight,  especially  in  larger 
krill  of  30  mm  length  upward  where  body  tis- 
sue becomes  bulkier,  tlie  krill  is  a  &r  larger 
euphausiid  than  the  other  species  mentioned 
here.  If  ash  constitutes  a  maximum  of  10  %  dry 
weight  in  krill,  the  overall  indigestible  or 
non-utilizable  fraction  in  terms  of  energy  as^ 
aimilation  is  about  20  %  of  the  dry  weight  or 
approximately  4.4  %  wet  weight.  Whole  krill 
would  thus  consist  on  average  of  about  78  % 
water,  S  %  ash  and  diitin,  4  %  crude  fat  and 
13  %  crude  protein.  The  heats  of  combustion 
of  fa\  and  protein  are  approximately  9  400 
kcal/kg  and  5  700  kcal/kg  respectively  (Brody, 
1968),  so  that  the  calorific  value  of  whole  krill 
can  be  calculated  to  be  about  1  100  kcal/kg. 
Vinogradova  (1967)  found  that  the  calorific 
value  of  dried  krill  was  4  OOQ-4  780  kcal/kg, 
equivalent  to  about  880-1 052  kcal/kg  whole 
krill.  Macquillan  (1962)  gave  a  caloric  yield  of 
460  kcal  from  1  lb  (453  g)  of  whole  krill,  equiv- 
alent to  just  over  1  000  kcal/kg.  Nemoto 
(1970)  gave  a  similar  calorific  value  for  whole 
krill.  This  energy  comes  chiefly  from  the  di- 
Hcsiiblc  soft  tissues,  so  that  an  extremely  high 
assimilation  efficiency  nught  be  expected  m 
animals  feeding  on  krill;  at  least  75  %  which  is 
not  uncommon  in  carnivorous  animals  (Phil- 
lipson,  1960).  If  30-40  g  krill/kg  body 
weight/day  is  consumed  by  a  whale,  this 
quantity  represents  30-40  kcal/l^  body 
weight/day. 


MetaboUsm 

There  is  limited  direct  information 
available  regarding  metaboUc  rates  in  Ceta- 
cea;  that  wtuch  is  known  is  based  chiefly  on 
observ  ations  made  on  dolphins  and  porpoises. 
There  ae  more  physiological  data  for  Pinnipe- 
dia  than  Cetacea,  chiefly  because  seals  are  gen- 
erally more  convenient  for  laboratory  han- 
dling than  the  la  iter  The  two  orders  of  marine 
mammals  can  be  closely  compared  however, 
because  in  many  ways  they  are  physiologically 
similar:  both  inhaUt  the  same  environment 
and  arc  adapted  to  exploit  it  in  many  similar 
morphological  and  anatomical  ways.  In  this 
way  much  of  what  is  known  about  metabolism 
in  seals  and  also  for  dolphins  can  be  extrapo- 
lated, and  used  to  predict  metabolic  rates  in 
whales. 

Throughout  this  section,  a  variety  of 
information  concerned  directly  or  indirectly 
with  metabolism  in  Cetacea  has  been  consid- 
ered on  a  comparative  basis.  Metabolic  rate  is 
measured  as  the  total  energy  expended  due  to 
metabolic  processes  is  die  body  in  a  given  time 
period.  This  rate  is  governed  by  such  parame- 
ters as  body  form,  organ  weight,  tissue  struc- 
ture and  internal  diemistiy,  and  influenced  by 
environment,  behavioural  activity  and  feeding 
habits.  For  this  reason,  several  data  relevant  to 
these  subjects  are  considered  in  deciding  the 
likely  ranges  and  limits  of  metabolic  rate  in 
different  whale  qpecies. 

Morphological  parameters 

GOVERNING  METABOUC  RATES 

VisceMl  Organ  Weights  Related  to  Body 
Weight 

Weight  data  for  heart  and  kidneys  in  a 
variety  of  Cetacea  are  shown  in  Figs.  40  and 

41.  TTicsc  data  fit  quite  closely  into  the  rela- 
tionship formulated  by  Brody  (1968)  for  all 
adult  mammals,  where 

heart  weight,  H  -  O.00S88W^. 
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MO.  40.  -  Hurt  Mid  body  weight  relationship  in  Cetaosa.  and  the  ntnpolaiion  of  the  foniiiila,  H  -  O.00S88W*^,  used 
lu  describe  the  idaiioodiip  in  •mailer  mamnab. 


and 

kidney  weight,  K  =  0.00732W"*, 

W  being  the  body  weight  in  kilogrammes.  The 

heart  and  kidneys  arc  organs  of  considerable 
importance  metabolicaily,  and  it  might  be  ex- 
pected that  metaboUc  rates  of  Cetacea  also 
depend  on  body  weight  relationships  sudl  as 
those  formulated  by  Adolph  (1946)  and  quot- 
ed in  Brody  (1968)  for  all  mammals  ranging  in 


size  from  mice  to  elephants.  Basal  metabolic 

rates  could  perhaps  be  computed  for  whales 

from  an  extrapolation  of  this  equation, 

Q  =  70.5W'"", 

where  Q  is  the  basal  metaboUc  rate  m 
kcal/day,  and  W  is  body  weight  in  kilogram- 
mes. Laurie  (1933)  calculated  from  total  body 
surface  area  of  a  122  torme  blue  whale,  that 
basal  metabolic  rate  would  be  2.75  x  10'  439 
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kcal/day.  The  predicted  value  using  the  for- 
mula above  is  3.75  X  10^  kcal/day  which  is  of 
a  similar  order  of  magnitude. 

Lung  Wdfjkt  and  Opacity 

In  Table  1 1  the  long  weights  and  total 

lung  capacities  of  different  whales  can  be 
compared  with  two  land  mammals,  a  seal,  and 
with  eadi  other.  The  hing  wei^t/body  weight 
rados  in  all  whales  show  considerable  agree- 
ment and  are  rather  less  than  the  values  given 
for  man  and  elephant  The  porpoise  however 
appears  to  have  a  hjgjh  Img  weight/body 
weight  ratio  unlike  the  uug»  whales.  All  lung 


weights  however  roughly  oonfonn  to  Ae  pre- 
dictions of  the  formula, 

Lu  -  0.01 13W^, 

where  Lu  is  lung  weight  in  kilogrammes  and 
W  is  body  weight  in  kilogrammes  (Brody, 
1968)  so  that  an  average  lung  weight  as  a  per- 
centage of  body  weight  would  be  about  1  ^. 

Most  available  measurements  of  lung 
capacity  in  whales,  which  are  very  few,  were 
not  made  direc^.  Laurie  (1933)  estimated 
that  the  vital  lung  capacity  of  a  22  m  fin  whale 
is  7  000  litres  from  thoracic  cavity  dimensions, 
and  for  a  27.2  m  blue  whale  weighing  122 
tonnes  is  3  050  litres  fiom  an  extrapolation  of 
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body  weight  and  lung  capacity  data  known  for 
other  mammals.  Krogh  (1934),  however,  a.s- 
sumed  a  value  of  14  000  litres  for  this  same 
blue  whale.  Scholander  (1940)  found  the  ap- 
proximate lung  capacity  for  fin  whales  by 
inflating  the  lungs  maximally  with  air.  He  ob- 
tained values  of  800  litres  for  a  300  ft  whale 
and  2  000  litres  for  a  72  ft  whale.  By  this  reck- 
oning,  I  liuric's  estimate  for  the  blue  whale 
would  probably  be  quite  close  to  reality,  the 
predicted  value  considermg  the  vital  capacities 
of  these  two  fin  whales  being  about  4  000  litres. 
The  estimate  by  Laurie  for  the  22  m  fin  w  hale 
appears  too  high.  Clarke  (1970)  estimated  that 
the  vital  capacity  of  sperm  whale  lungs  varies 
between  300  and  1 000  litres.  The  wraghts  of 
two  sperm  whale  lungs,  empty  and  full  of 
water,  both  for  10.1  m  females  gave  difler- 
ences  equivalent  to  volumes  of  182  and  96 

litres.  These  weighings  were  performed  at 
Durban  by  courtesy  of  the  Union  Whaling 
Company  in  September  1970  and  February 
1972.  These  estimates  are  ahnost  certainty 
too  low  owing  to  the  difficulties  of  manoeuvr- 
ing the  lungs  whilst  filling  with  water  under 
pressure,  and  leaks  from  damaged  areas  of  the 
tissue.  Scholander  (1940)  found  that  the  lung 
capacity  of  another  toothed  whale,  the  bottle- 


nose  whale,  of  body  length  5.7  m  and  weight 
I  400  ks,  was  40  litres  bv  intlalion  of  the  lungs 
with  air.  This  estimate  is  probably  quite  reaU- 
stic  because  the  lungs  were  inflated  to  the  ma- 
ximum  length  of  the  pleural  cavity,  and  Scho- 
lander considered  this  to  be  maximal  inflation. 
Scholander  also  calculated  that  the  lung  ca- 
pacity of  Phoeoena  was  1.4  litres  in  a  19  kg 
animal,  bv  measuring  tidal  volumes  after  va- 
rious  forced  dives  when  only  expiration  was 
possible.  All  these  data  on  lung  capacity  m 
Table  1 1  show  that  there  is  generally  a  direct 
proportional  relationship  between  lung  weight 
and  volume  in  whales.  The  lung  capacity  in 
whales  appears  lower  than  that  m  man  and 
porpoise,  ranging  between  2.5  and  2.8  %  of 
body  weight,  except  in  sperm  whales  where  the 
unrehability  of  the  very  low  value  has  ahready 
been  discus.sed. 

Haynes  and  Laurie  (1937)  found  that 
there  arc  histological  differences  between  ce- 
tacean lungs  and  lungs  of  land  mammals,  the 
chief  of  these  being  the  absence  of  epithelium 
in  die  alveoli  of  die  former.  Other  important 
features  are  the  extreme  thickness  and  elastic- 
ity of  the  pulmonary  pleura,  and  the  prof  usion 
of  myo-eUstic  fibres  (Wislocki  and  Belanger, 
1940)  within  die  lung  tissue  of  large  whale  441 
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species.  Haynes  and  Laurie  and  also  Scholan- 
der  (1940)  noted  how  completely  the  cetacean 
lungs  collapsed  on  dellalion,  and  considered 
this  to  be  we  result  of  the  intense  elasticity  of 
the  tissue.  It  would  seem  rea.sonable  to  assume 
that  considering  the  force  and  speed  with 
which  Cetacea  blow  on  surfacing,  there  can  be 
relatively  little  residual  air  in  the  lungs  on  ex- 
piration and  vital  capacity  may  be  veiy  close  to 
total  lung  capacity. 

According  to  Brody  (1968),  the  residual 
lung  air  in  man  doing  maximal  woik  is  about 
28  %  of  total  lung  volume,  so  that  vital  capacity 
is  approximately  72  %  of  total  lung  capacity. 
Scholander  (1940)  found  that  in  a  porpoise, 
Phoeoena,  the  vital  capacity  amounted  to 
about  1.2  htres  and  residual  air  was  about 
200  cc  so  that  vital  capacity  was  about  86  %  of 
total.  Irving,  Scholander  and  Grunneli  (1941) 
found  a  vital  capacity  of  80  %  total  hmg  ca- 
pacity in  Tursiops  truncatus,  also  a  high  value. 
Olsen,  Hale  and  Eisner  (1969)  found  that  a 
pilot  whale  weighing  450  kg  had  a  tidal  volume 
which  ranged  between  9  and  39.5  litres.  Resid- 
ual air  after  expiration  amounted  to  about  5.6 
litres,  and  total  capacity  of  the  lungs  was  45.1 
litres,  ilowcver,  the  aniiTiul  could  renew  up  to 
88  %  of  the  lung  air  in  one  breath.  Kooyman  et 
al  (1971)  found  that  the  Wcddell  seal  had  an 
inspu-atory  lung  volume  of  18.8  litres  and  a 
total  capacity  of  20.4  litres,  so  that  the  seal  was 
able  to  renew  up  to  92  %  of  the  lung  air.  Wah- 
renbrock  et  al  (1974)  found  a  lung  volume  of 
428  Utres  in  a  hve  6  150  kg  gray  whale  calf,  but 
found  that  at  rest,  the  tidal  volume  was  only 
about  50  %  <^  the  restmg  lung  volume.  This 
seems  low.  but  may  increase  markedly  with 
activity.  Spencer  (1970)  found  that  during  ac- 
tiviQr,  the  tidal  volume  of  a  killer  whale 
mcreased  by  30-56  %  (50-<S0  litres  increasing  to 
78  htres). 


External  Bud)  Surface  Area 

Metabolic  rate  is  more  or  less  propor- 
tional 10  total  body  surface  area  (Biody»  1968) 


when  comparing  mice  and  elephants.  Howe- 
ver, the  body  surface  of  anv  animal  is  contin- 
ually varying  with  respiration  and  other  move- 
ments, and  the  proportionality  with  meta- 
bolic rate  can  effectively  be  altered  and 
increased  by  changes  in  internal  physiology 
such  as  increased  peripheral  blood  flow  for 
example  in  the  flukes,  tin  and  nippers  of  Ce- 
tacea. Therefore,  although  body  surface  area  is 
not  directly  useful  for  predicting  basal  meta- 
bohc  rate,  it  can  be  used  in  a  variety  of  ways  to 
predict  other  parameters  associated  with  me- 
tabolism, such  as  active  metabolic  rate. 

Guldberg  (1907)  and  Laurie  (1933) 
compared  the  baleen  whale  body  to  the  shape 
<^  two  cones  joined  base  to  base  at  the  occipital 
condyles.  For  the  average  blue  and  fin  whale, 
the  widest  diameter  d  of  the  body  is  level  with 
the  condyles.  The  anterior  cone  has  a  base  of 
diameter  d  and  vertical  height  h,  from  here  to 
the  snout:  the  posterior  cone  has  a  base  of 
diameter  d  and  vertical  height  hj  from  here  to 
the  tail  lluke^.  The  overall  body  length  is 
(h,  +  h}).  Mean  ratios  of  dhnensions  are  as 
follows: 

d:h,^l:2;  d:h2CNi  1:4;  d:(h,-l-h2)'^  1:6. 
The  total  surface  area.  A,  of  a  whale  is  thus 

^  (\/d^  +  4  hT-h  VdM^  4  hi). 
4 

This  method  is  clearly  too  simplified  for  accu- 
racy, but  illustrates  a  method  usmg  dimensions 
easily  measured  on  any  cetacean. 

Parry  (1949)  used  the  relationship  be- 
tween body  weight  and  body  surface  area. 

Area      _     A      sq  •  cm 
(weight)^'  "  i 

His  results  for  two  fin  whales  using  the  perim- 
eter method  of  surface  area  calculation  were 
values  for  K  of  8.3  in  a  160  kg  foetus  and  II. I 
in  a  43  000  kg  adult.  Parry's  values  of  K  in 
adult  dogs  weighing  between  1.07  kg  aiul  27 
kg,  using  methods  of  skinning,  triangulation. 
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moulding,  covering  with  paper  and  perimetry', 
ranged  belwecn  10  1  and  12.3.  Brody  (1968) 
gave  a  formula  reiaimg  body  weight,  height 
and  surface  area  in  humans  and  oompafed  it  to 

a  formula  relating  these  factors  given  by  Du 
Bois  and  Du  Bois  (1916).  Brodv  considered 
that  in  a  man  of  normal  build,  the  equation, 

A  =  1 00OW«* 

was  adequate,  A  in  square  centimetres,  W  in 
Idlogramnies,  and  needed  no  aOowance  for 

variability  in  height. 

Applying  these  three  formulae  to  a 
19.8  m  blue  or  fin  whale  of  weight  approxi- 
mately 47  000  kg,  predicted  from  Fig.  9,  we 
obtain  values  of  A  as  follows.  The  Guldbeig 
and  Laurie  method  gives; 

A-  i^:^^  (3.3'+4x6.6'+3J +4X13.2*) 

«  104.3  m^; 
The  Fany  method  gives: 

A  =  1 1.1  X47  000  000"  -  1  533  305  cm^ 

-  153.3  m»; 

The  Brody  method  gives: 

A»  1000X47000^  -1586306Gm' 

-  158.6  ml 

These  values  and  those  calculated  for  other 
lengths  and  weights  of  large  rorquals  (blue  or 
fin)  are  shown  in  Fig  42.  Kanwisher  and 
Sundnes  (1966)  measured  actual  surface  areas 
of  an  18.3  m  fin  whale  and  a  160  kg  dolphin, 
and  found  values  of  137  m*  and  0.75  m^  re- 
spectively. Ridgway  (1972)  gave  average  body 
surface  areas  for  Tursiops  truncatus,  Lagenor- 
hynchus  obliqtmkns  and  Phocoenoides  daiti, 
each  of  body  weight  100  kg.  as  1.85  m',  1.70  m' 
and  1.50  m'  respectively.  According  to  predic- 
tions by  Parry  and  Brody,  the  surface  area  of  a 
100  kg  dolphin  would  be  between  about  2.35 
and  2.50  m>.  Recently*  Kawamura  (1975)  cal- 
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dilated  from  measurements  of  a  fm  whale 

carcass,  th;it  the  surface  area  of  the  body  of  an 
18.1  m  fin  whale,  excluding  the  head,  was 
89.9  m-.  He  assumed  that  such  an  animal 
would  weigh  34  tonnes.  This  estimate,  allow- 
ing for  the  fact  that  the  head  area  is  ignored, 
and  that  of  Kanwisher  and  Sundnes  (1966) 
suggest,  with  reference  to  Fig.  42,  that  the  me- 
thods of  Parry  and  Bfody  are  applicable  at 
least  to  large  Cetacea,  and  are  more  reUable 
than  the  "cones"  method  which  gives  a  value 
of  only  two  thirds  of  those  premcted  by  the 
other  two.  The  formula  of  Brody  is  the  easiest 
to  use,  although  body  weights  of  large  Cetacea 
are  not  always  available,  whereas  Unear  mea- 
surements which  can  be  used  in  the  "cones'* 
method  arc  often  at  hand.  The  "cones'*  me- 
thod could  be  used,  however,  by  applying  a 
correction  factor  of  x  1.5  to  the  surface  area 
fonniila  in  order  to  bring  results  into  line  with 
the  other  methods.  443 
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PH  YSIOLOG IC  A I  PA  R  A  M  FTF  R  S 
ASSOCIATED  WITH  METABOLIC  RAIE 

Heart  Rate 

There  are  few  recordings  of  heart  pulse 
rate  in  whales,  which  give  a  guide  as  to  the 
potential  pulse  rate,  but  do  not  necessarily 
indicate  the  average  pulse  rate  Pulse  rates 
have  been  measured  by  electrocardiogram  on 
a  resting  gray  whale  calf  (Smith  and  Wahren- 
brock,  1974),  and  on  a  stranded  fin  whale 
(Kanwisher  and  Senft,  1960).  These  values, 
and  those  for  other  Cetacea  and  a  variety  of 
other  mammals  are  shown  in  Fig.  43  where  the 
predicted  heart  pulse  rate  for  body  weight  is 
shown  according  to  the  equation  by  Clark 
(1927)  quoted  in  Brody  (1968): 

f-217W-«', 

where  f  is  heart  beat  frequency  per  minute, 
and  W  is  body  weight  in  kilogrammes.  Omsid- 
ering  the  Ukd|y  variations  in  pulse  rate  due  to 


emotional  excitement  during  the  recordings 
cited  on  Cetacea,  it  is  not  surprising  to  find 
that  all  the  cetacean  data  lie  well  above  the 
predicted  basal  rate  in  Fig.  43.  Smith  and 
Wahrenbrock  (1974)  observed  that  the  pulse 
rate  for  the  gray  whale  calf  was  higher  than 
anticipated,  and  explained  this  by  assuming 
that  the  calf  was  excited.  The  13.7  m  fin  whale 
examined  by  Kanwisher  and  Senft  (1960)  ap- 
peared to  be  under  stress  while  beached,  and 
died  shortty  afterwards,  so  that  pulse  rate  was 
probably  not  indicative  of  that  in  the  natural 
environment.  Smith  anti  Wahrenbrock  men- 
tioned that  variaiiun  within  species  was  fre- 
quently very  great,  and  affected  by  such  fac- 
tors as  stress  and  general  body  fitness.  We  may 
conclude  therefore,  that  Cetacea  are  unlikely 
to  differ  very  much  from  other  mammals  in 
respect  of  basal  pulse  rate/body  weight  rela- 
tionships. However,  there  remains  the  possi- 
bility that  like  several  other  diving  animals, 
bradycardia  may  occur  during  diving,  when  a 
Gompantiv^  tow  pulse  rate  would  be  ob- 
served. 


FiG.  43.  —  Heart  rale  and  body  weight  lelalkmalup  in  a  variety  of  lenestriai  and  marine  mammals. 
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In  Fig.  43,  the  avcrai-'c  value  of  the  heart 
beat  during  rest  is  shown  for  marine  mammals, 
chiefly  because  of  the  irrelevance  ol  an)  com- 
parison during  bfadycardia  which  might  occur 
during  diving  Koovman  and  Campbell  (1972) 
showed  that  immediately  pre-  and  post- 
dive  heart  rates  m  the  Wcddell  seal  could 
average  about  84  beats/nun  whilst  heart  rate 
during  dives  exceeding  five  minutes  could  fall 
as  low  as  16  beais/min.  They  also  found  that 
there  was  an  inverse  relationship  betv.ccn 
heart  beat  and  dive  duration  and  they  sug- 
gested that  seals  may  anticipate  the  length  of 
the  dive.  Eisner,  Kenney  and  Burgess  (1966) 
observed  bradycardia  in  the  bottlenose  dol- 
phin, but  did  not  find  any  indication  of 
anticipation  of  dive  duration. 

Respiration  Physiology 

One  aspect  of  cetacean  physiology  w  hich 
might  be  expected  to  dilter  from  land  mammal 
iriiynology  is  respiration  and  the  associated 
blood  chemistry.  This  is  because  of  the  ability 
of  Cetacea  to  perlorm  long  and  often  deep 
diving  excursions,  when  oxygen  storage  in  the 
body  must  be  at  a  premium. 

Lockyer  (1976)  commented  that  blood 
volume  in  Cetacea  appeared  to  he  high  in 
comparison  with  terrestrial  mammals.  Re- 
oentfy,  Gihnartin,  Pierce  and  Antonelis  (1974) 
were  able  to  determine  the  blood  volume  in  a 
live  female  gray  whale  calf,  not  then  one  year 
of  age.  Although  it  is  likely  that  relative  blood 
volume  may  alter  as  the  animal  develops,  it  is 
nevertheless  interesting  that  at  the  age  of  nine 
months,  at  a  weight  of  4  409  kg.  the  blood 
volume  was  61  ml/kg,  and  at  the  age  of  nearly 
one  year,  at  a  weight  of  S  364  kg,  the  blood 
volume  was  81  ml/kg.  These  volumes  were 
determined  by  isotopic  dilution  techniques  by 
administering  radioiodinated  human  serum 
albumen  into  a  brachial  vessel  in  the  right 
pectoral  fin.  Lockyer  (1976)  came  to  the  con- 
clusion that  in  adult  baleen  whales,  especially 
rorquals,  blood  weight,  nearly  equivalent  to 
volume,  formed  about  10  %  of  body  weight 


The  chemistry  of  the  blood  of  Cetacea 
has  been  widely  investigated.  There  are  several 
estimates  of  blood  and  muscle  oxygen-capac- 
ity, haemoglobin  and  myoglobin  content,  and 
studies  of  the  oxyhaemoglobin  dissociation 
cur\'es.  The  general  conclusion,  referring  to 
Table  12  where  some  values  of  oxygen  capac- 
ity of  blood  and  muscle  in  a  variety  of  Cetacea 
and  some  land  mammals  arc  shown,  is  that  the 
oxvgen  capacity  of  the  blood  Is  variable,  but  is 
generally  about  20-30  ml/ 100  ml  in  most 
mammals.  The  oxygra  capacity  of  the  muscle, 
however,  appears  to  be  highest  in  the  deep 
diving  sperm  and  boUlenose  whales.  Scholan- 
der  (1940)  cslimateu  tliai  the  muscle  m  seals 
absorbs  up  to  47  %  of  the  total  ox)^en  store 
during  diving,  and  in  bottlenose  and  sperm 
whales  up  to  50  'r.  so  (hat  blood  oxvgen  ca- 
pacity is  only  a  partial  inditalor  of  diving  po- 
tential and  endurance  of  prolonged  apnoea. 
H(n\c\er,  there  are  too  few  data  to  say  more 
than  this  wuh  regard  to  behavioural  activity. 
Gilmartin,  Pierce  and  AntoneUs  (1974)  main- 
tained that  the  general  fitness  of  Cetacea,  es- 
pecially those  kept  in  captivity,  can  affect 
blood  parameters,  so  that  some  findings  may 
not  be  appUcable  to  Cetacea  in  the  wild  where 
many  behavioural  a<:tivities  are  necessarily 
dilTerent. 

From  a  study  of  dissociation  curves  m 
small  Cetacea,  Horv  ath  ei  ai  (1968)  found  iliai 
an  increased  affmity  of  the  blood  for  oxygen 
appeared  to  be  related  to  feeding  behavioural 
habits.  There  is  no  evidence,  however,  that  this 
is  especially  true  for  whales,  and  Gilmartin, 
Pieroe  and  Antonelis  believed  that  there  is  no 

such  correlation  in  large  Cetacea. 

Diving  in  marine  mammals  is  frequently 
associated  with  bradycardia  (Andersen,  1966). 
Scholander  (1940)  found  that  the  blood  sugar 
level  in  infant  and  adult  tamed  seals  falls  dur- 
ing a  dive,  and  increases  on  recovery.  He  also 
noticed  that  the  lactic  acid  builds  up  in  die 
muscles  chiefly  on  recovery,  and  is  not  releas- 
ed into  the  hlood  during  the  dive,  perhaps 
because  ot  vaso-constnction  during  the  dive. 
Murdaugh  et  at  (1968)  found  that  during  a 
dive,  bradycardia,  decrease  in  cardiac  output,  445 
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and  arterial  constriction  all  occuired  in  Phoca 

vituUna.  By  preventing  bradycardia  during 
diving  by  means  of  an  intra-cardiac  pacer,  they 
showed  that  it  was  the  arterial  constriction  that 
was  important  in  conserving  the  oxygen,  by 
restricting  perfusion  of  peripheral  tissues  and 
retaining  the  oxygen  for  the  central  nervous 
system.  The  peripheral  tissues  switched  to 
anaerobic  glycolysis  when  the  oxygen  store 
was  used  up.  They  suggested  that  bradycardia 
helped  to  restrict  venous  return.  Scholander 
found  that  the  seal's  rectal  temperature  was 
found  to  drop  from  36.7T  to  35.8X:  during  a 
six  minute  submersion  with  apnoea  in  water 
ranging  in  temperature  from  3"C  to  28''C.  This 
reflects  a  general  slowing  of  all  metabolism 
durii^  pnownged  apnoea  in  order  to  oonserve 
the  oxygen  store. 

The  Respiratory  Quotient  (R.Q.),  that  is 
the  ratio  of  volumes  of  carbon  dioxide  evolved 
to  the  volumes  of  oj^gen  consumed,  alters 
during  the  dive  and  recovery  period,  and  also 
according  to  the  nutritional  status.  Scholander 
(1940)  found  values  of  R.Q.  for  seals  and 
Phoeoena  communis,  of  0.70^.74  during  dives, 
yet  over  1. 00  during  recovery  depending  on 
anaerobic  or  aerobic  conditions  respectively. 
An  average  value  of  R.Q.  for  Cystophora  cri- 
status,  including  both  dive  and  recovery  pe- 
riods, is  about  0.83.  Kooyman  et  al.  (1973) 
found  that  the  R.Q.  for  Leptonychotes  weddelli 
averaged  0.69  (range  0.64-0.77),  but  the  R.Q. 


immediately  after  a  dive  fell  to  between  0.S 

and  0.7;  although  this  rose  to  1.0,  and  even 
exceeded  1.0  after  long  dives  (over  20  min- 
utes), after  the  first  five  minutes  from  surfacing. 
Irving  et  al.,  (1935).  Irvmu  (1939)  and  lr\ing 
and  Hart  (1957)  found  an  R  (J  of  0.70-0.75  in 
Phoca  vituiina  and  Phoca  groenlandica.  Values 
less  than  0.70  have  been  recorded  during  star- 
vation. Kanwisher  and  Senfl  (1960)  recorded 
an  R.Q  value  between  0.8  and  0.9  for  a  13.7  m 
stranded  tin  whale  which  seemed  rather  high 
for  an  animal  not  recently  fed  and  in  a  chilled 
condition  v/h&a  the  rectal  temperature  was 
33"r  and  temperature  inside  the  15  cm  thick 
blubber  was  27-3  TC,  compared  with  a  normal 
deep  body  temperature  of  about  36"C  (Irving, 
1939). 

The  actual  oxygen  consumption  as  a 
percentage  utilization  of  the  inspired  air  m 
Phoeoena  communis  was  found  to  be  about  8  % 
by  Scholander  ( 1 940).  In  all  his  calculations  on 
large  Cetacea  he  assumed  about  10  T  utiliza- 
tion of  the  inspired  air.  Spencer  (1970)  found 
that  oxygen  consumption  in  a  5.18  m  killer 
whale  weighing  2  000  kg,  was  3-4  litres  when 
resting  with  a  tidal  volume  of  50-60  litres,  and 
9  litres  after  activity  with  a  tidal  volume  of  78 
litres.  This  represents  about  6-8  %  after  activ- 
ity. For  resting  gray  whale  calves  weighing 
between  3  000  and  5  000  kg.  oxygen  con- 
sumption averages  between  9.5  %  and  6.5  % 
respectively  of  tidal  vdume,  fh>m  interpoia- 
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species 


Volume  % 
oxygen  capacity 


Mwde 


Blood 


Abscilutc  maximum 
dtviog  lime  (min.) 


References 


Balaenopicni  phvstdus 
Phvseier  luiojon 

Hyperoodon  rostratus 
Phoeoena  phoeoena 
HaUchoenis  ffJ^*o 
Cystophora  ertnatia 

Man 


3-5 

20-25 

30 

6-7.6 

25-30 

75 

7.5-8..^ 

30 

120 

4 

20-24 

12.5 

3.7-5.5 

18-25 

IS 

3.7-5J 

18-29 

30 

21.8 

45 

20.4-21.5 

4.5 

Scholander  (1940);  Irving  (1939) 
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Green  and  Redfidd  (1933);  Sdiolander  (1940) 
Scholander  (1940):  Irving  (1939) 
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lion  of  data  given  by  Wahrenbrock  ef  al. 
(1974).  Therefore,  in  aU  the  following  calcula- 
tions an  estimate  of  10  %  utilization  of  inspired 
air  has  been  considered  reasonable,  aUowing 
for  the  fact  that  the  whale  wtnild  not  be  re- 
strained in  the  natural  environment. 

An  average  value  of  0.82  has  been 
adopted  here  as  the  R.Q.  throughout  the  res^ 
piratorv  cycle  in  whales.  This  gives  a  heat 
equivalent  of  1  hire  of  oxygen  at  this  R.Q.  of 
4  825  kcal  (Brody,  1968).  WahrenbrcKk  et  al. 
(1974)  also  assumed  an  R.Q.  of  about  0.8  in 
gr:i\  whales,  because  they  converted  oxygen 
consumption  rates  to  metabolic  rates  in  a  fac- 
tor of  1  utfe  of  oxygen  evolving  4.8  kcaL 


Behavioural  parameters 

AFFECTING  HETAfiOUC  RATE 
Re^inaory  Rhythm  and  Diving 

There  is  an  abundance  oi  data  on  blow- 
ing frequency  and  duration  of  dive  for  large 
Cetacea.  Mostly  these  data  are  the  results  of 
jihipboard  observations,  and  even  when  con- 
cerned with  the  same  Species,  they  frequently 
vary.  This  is  not  unexpected  because  behav- 
ioural patterns  change  with  different  activi- 
ties; and  also  because  the  whales*  normal  pat- 
tern of  behaviour  is  disrupted  by  the  presence 
of  vessels  in  their  vicinity,  especially  those 
equipped  with  ASDIC  -  a  fact  obtained  from 
personal  observations  of  sperm  whales  firom 
aircraft  and  ships.  The  most  important  infor- 
mation in  estimating  metabolic  rates,  apart 
from  the  actual  respiratory  and  diving  times 
is  therefore  the  qualifying  estimation  as  to 
whether  the  whale  is  considered  to  be 
resting,  feeding,  active  or  alarmed,  and  an 
estimation  of  swimming  speed. 

Gunther  (1949)  gave  a  most  detailed  ac^ 
count  of  shipboard  ohservaticins  on  fin  whales, 
mentioning  the  timing  of  the  respiratoi^  cycle 
and  dive  sequence.  Laurie  (1933)  estmiated 
that  rorquals  do  not  (or  need  not)  descend 
more  than  300  m  during  dives,  in  sharp  con- 
trast to  my  observations  on  the  toothed  sperm 


and  bottlenosc  whales  which  frequently  reach 
depths  beyond  1  (XX)  m  (see  also  Hee/cn 
(1957)  who  discussed  deep-sea  entanglements 
of  whales  in  cables). 

Size  and  age  of  a  w  hale  appears  to  affect 
diving  and  respiratory  performance  according 
to  my  observations  of  sperm  whales  (Lockyer, 
1977).  Only  the  large  bulls  over  13.7  m  appear 
to  dive  very  deeplv  for  periods  of  an  hour  or 
more.  Aerial  observations  of  large  and  small 
(about  9.5  m)  sperm  showed  that  small  apeim 
blow  more  frequently  than  large  ones.  Other 
data  collected  by  staff  of  the  lOS  during  whale 
marking  cruises  between  1972  and  1973  inclu- 
sive are  shown  in  Table  1 3,  where  it  is  apparent 
that  smaller  animals  in  other  spedes  tend  to 
blow  more  frequently  than  large  ones.  Gam- 
bell,  Lockyer  and  Ross  (1973)  commented  on 
the  ability  of  a  new  bom  sperm  calfto  dive  for 
a  period  of  seven  minutes,  so  that  a  certain 
potential  ability  is  inherent  from  birth,  wliich 
clearly  improves  with  development. 

In  Table  13,  it  is  apparent  that  after  a 
prolonged  chase,  a.s  in  the  case  of  three  sei 
whales,  the  blowmg  rale  increases,  giving  an 
indication  of  higher  metaboUc  rale.  However, 
although  blowing  rate  increases,  tida!  volume 
has  prohabiN  increased  also,  so  that  a  direct 
correlation  between  swimming  activity  and 
metabolic  rate  cannot  be  calculated.  Ahnough 
apparently  alarmed  when  given  chase,  no  ror- 
quals appeared  to  be  greatly  fatigued  from  40 
minutes  or  more  of  swimming  at  about  12 
knots  (22.2  km/h),  because  they  easily  out-ran 
the  pursuing  vessel. 

From  Table  13.  one  mav  conclude  that 
in  rorquals,  blowing  rates  may  fall  to  one  per 
minute  in  the  relaxed  resting  animal,  but  are 
hit'her  when  the  whale  is  actively  swimming. 
The  blowing  rale  in  sperm  whales  does  not 
appear  greatly  to  exceed  six  per  minute  in  ex- 
treme exertion,  though  a  study  of  observations 
made  hefw  een  1972  and  1975  would  indicate 
that  the  length  of  the  recovery  period  after  a  20 
min.  repeat  dive  mxji  be  two  or  three  times  that 
of  the  recoveiy  period  after  a  10  min.  single 
dive.  Perhaps  the  same  pattern  is  true  for  ror- 
quals. 447 
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Species 

m 

RrwHv  lf*notK 
DlXi>  ILIIKUI 

ft 

wU»wlVC\l  uivc 

duration  (min.) 

Number  of  blows  io 
raoDveiy  period 
after  otve 

Average  number 
of  blows/ min.  when 
not  diving 

Comments 

Blue 

17J 

58 

2-3;  3-4 

18 

tiO 

4-4K 

5-10  in  2  mm. 

Observations  from  ship 

18 

«0 

2-3 

U 

21 

22.5 

70 

75 

3-9 

3-7 

7-11  in  12';  mm. 

0.7-2  (resting) 

3-6  (durini>  chase) 
15-6 

Chased  (brlhr  43  min. 

with  ASDIC  on 

Ch.ised  fur  40  mm.  by  vessel 

Fin 

14 

194 

47 

65 

3-  4 

4-  6 

(before  chasiog) 

"  1 

6-8 

1 

Cha^  with  ASDIC 
turned  on 

224 

75 

6:9 

3-5  in  1  min. 

Observation  from  ship 

Sci 

14.4 

48 

0.7  (before  chase) 
\^  (.ifter  chase) 

Observatioa  ftom  ship 

119 

43 

1.4  (before  chase) 
2  (after  chase) 

Chased  for  Ihr  by  vessel 

14.! 

47 

0.8  (before  chase) 
1  (aHcr  1  hr  chase) 

Biyde 

11.7 

cu  39 

0.5-i 

Whale  /ig-/a{;ging  after 
shoal  of  fish,  and 
vnconcemed  with  venel 

Humpback 

13.8 

46 

2-3 

4-6  in  1-1  min. 

'•'  1 

Miuke 

8.4 

3.6 

28 
12 

0.5 

Observations  from  ship 

Sperm 

9 

30 

up  to  6 
Up  to  45 

4-6 

6-7 

Obiierviilion  from  aircraft 
Obwrvatioii  from  ship 

13.5 

45 

up  to  6 
up  to  65 

3^ 
6 

Observation  Aom  aircraft 
Observation  from  ship 

Daily  Activity  Pattern 

The  whale's  daily  activities  in  the  sum- 
mer are  jnobably  principally  centred  around 

the  necessity  of  feeding.  We  already  know  that 
thev  van  seasonallv  with  respect  to  feeding 
and  migration,  in  order  to  gain  some  kind  of 
estiinate  of  daily  energy  aqpeadituie,  however, 
it  is  essential  to  have  an  idea  of  the  proportion 


of  time  in  a  day  involved  in  different  occupa- 
tions. These  would  include  feeding,  resting, 
sleeping,  and  a  variety  of  activities  such  as 
swimming  from  one  area  to  another,  mating, 
nursing  and  playing.  All  the  active  occupations 
could  possibly  be  grouped,  so  that  the  whale's 
day  would  include  periods  of  feeding,  resting 
or  sleq>ing,  and  unspecified  activities. 

In  general,  Brody  (1968)  has  clasafied 
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alternating  periods  o#  rest  and  activity  as 
monophasic,  that  is  one  period  of  rest  followed 
by  one  period  of  activity  in  24  hours  such  a^  for 
example  in  adult  humans  and  canaries;  or  pol- 
yphasic,  where  many  periods  of  rest  and  ac- 
tivity occur  within  24  hours  such  as  for  exam- 
ple in  rabbits  and  young  dogs.  Whales  may  fit 
mto  other  category  especially  in  very  high  la- 
titudes where  light  may  not  be  an  influencing 
factor.  In  dolphinaria,  short  rests  are  reported 
after  feeds  rather  than  prolonged  ones,  but  this 
behavioural  pattern  may  be  an  unnatural  re- 
gime enforced  by  captivity. 

Maim  (IM^S)  observed  that  Tursiops 
iruncatus  is  unhkcly  to  be  a  nocturnal  animal 
because  in  aquaria  its  peak  activity  is  always 
in  daytime.  In  the  Florida  oceanarium,  Tur- 
siops trunciitus  alwavs  sleeps  near  the  surface 
for  most  of  the  night;  during  the  day  sleep 
generally  occurs  as  an  hour-long  nap  after 
each  feed  (Slijper,  1962).  The  sleeping  animals 
periodically  open  their  eyes  for  1-2  seconds 
and  close  them  again  for  15-30  seconds.  In 
these  cabn  conditions,  the  sleeping  animals 
remain  almost  parallel  to  the  surface  with  the 
drooping  caudal  peduncle  beating  slowly  and 
rhythmically  ever)  half  minute  so  that  the 
body  breaks  surface  and  then  sinks  smoothly 
to  30  cm  below .  Tomilin  ( 1 967)  reckoned  that 
dolphins  must  be  able  to  sleep  normally  in  any 
sea  conditions  every  day,  since  they  possess  a 
natural  respiratory  reflex  of  opening  the  blow- 
h<^  when  the  medium  changes  from  water 
to  air  on  surfacing,  and  maintain  vertical  tail 
movements. 

Tomilin  (1967)  recorded  that  a  pilot 
whale  in  captivity  always  slept  at  the  surface 
with  only  the  blowhole,  back  and  dorsal  fin 
above  water.  While  it  was  asleep,  wiiich  was 
chiefly  at  night  for  2  hour  periods  but  could 
also  OLCuf  at  any  time  of  day,  the  tail  rarely 
moved.  Scammon  (1869)  described  an  entire 
school  of  pilot  whales  sleeping  at  the  surface  of 
a  calm  sea,  well  spaced  out  at  various  distances 
fkom  each  other  and  not  visibly  spouting. 

There  are  a  number  of  records  of  large 
Cetacea  observed  to  be  sleeping.  Allen  (1916) 
recorded  a  fin  whale  sleeping  at  night  at  the 


surface  of  Placentia  Bay  (Newfoundland) 
from  the  Norwegian  uhalinp  steamer  Puma. 
Tomilin  (1967)  quoted  hoklarik  and  Chirkova 
(1930)  on  the  observation  of  a  school  of  belu> 
gas  apparently  sleeping  at  the  sea  surface. 
Gcptner  (193())  also  recorded  .seeing  sleeping 
belugas.  Gray  (1889)  (quoted  in  Tomilin 
(1967)),  Pbrsild  (1922)  and  Degerbol  and 
Freuchen  (1935)  all  recorded  seeing  narwhals 
apparently  solitarv  and  irn>tionless  in  sleep. 
Gray  (1927)  (quoted  in  lomilm  (1967))  twice 
found  Greenland  right  whales  sleeping  near 
ice  and  oblivious  to  sounds  of  approaching 
danger.  When  sleeping,  the  whales  do  not 
blow  visibly  but  remam  at  the  surface  quietly 
and  maintain  equilibrium  with  the  flippers. 
Scoresby  (1825)  (quoted  in  Tomilin  (1967)) 
recorded  that  right  whales  remain  at  the  sur- 
face for  2-30  minutes,  immobile.  A  sleeping 
Biscayan  right  whale  in  the  South  Atlantic 
only  awoke  on  being  aroused  by  a  passing 
ship's  bow  wave  (Slijper.  1962). 

Slijper  (1962)  mentioned  several  obser- 
vations of  deep  slumber  at  the  sea  surface  in 
sperm  whales.  These  records  were  usually  de- 
rived from  collisions  between  ships  under  way 
and  sperm  whales  which  were  presumed  to  be 
sleeping  because  they  had  not  avoided  the 
vessc  1 

I  he  only  record  of  daily  activity  in  a 
large  cetacean  in  captivity  is  that  of  a  minke 
whale  maintained  in  a  seaquariuim  for  just 
over  one  month  (Kimura  and  NemolO»  1956). 
However  this  animal  did  not  appear  to  sleep, 
and  mslead  increased  respiration  and  activity 
occurred  between  nightfall  and  midnight,  the 
respiration  rate  falling  off  after  then.  Vincent 
( I960),  however,  reported  that  common  dolph- 
ins in  captivity  m  Monaco  had  daily  respira- 
toiy  rhythms  of  6  blows/minute  and  nightly 
lliyihms  of  3-4  hU^ws/minutc. 

Pn^hahK.  as  in  most  wild  carnivdrous 
aniinali>,  cetacean  sleep  follows  a  large  feed. 
Ingebrigtsen  (1929)  and  Kawamura  (1974) 
mentioned  that  feeding  sei  whales  appear 
pretKCupied  and  slow,  and  do  not  heed  the 
approach  of  ships.  Gunther  (1949)  reported 
smiilar  behaviour  by  feeding  fin  whales.  Ka-  449 
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wamura  (1974)  stated  that  replete  whales  are 
easily  approachable  whilst  hungry  ones  are 
agile  and  shy  of  approach,  suggesting  that 
feeding  induces  a  soporific  efTect  wliicii  dulls 
the  senses.  Because,  as  we  have  seen  earlier, 
daily  feeding  habits  are  governed  by  the  dis- 
tribution of  the  prey,  resulting  in  a  tendency  to 
bulk  feeding  once  a  day  in  the  Antarctic  (Ka- 
wamura.  1974),  one  might  expect  the  whales 
feeding  thus  to  doze  for  a  prolonged  period 
after  this  main  feed.  This  rest  period  would 
probably  occur  in  the  day  if  the  prey  were 
nocturnal,  and  at  night  if  diumal 

Nearly  all  ship  encounters  with  sleeping 
fin  whales  and  indeed  with  most  other  whale 
Speaes  have  been  at  night  Aquaria  observa- 
tions are  unreliable,  because  the  diurnal 
rhythm  of  the  animals  is  upset  and  becomes 
ardficiaL  However,  aquaria  observations  give 
information  on  the  extent  of  activity  while 
resting  and  on  the  sleeping  posture.  Vincent 
(1960)  gave  the  information  that  blowing  oc- 
curs about  1  half  to  2  thirds  as  often  during 
sleep  as  when  awake  in  common  dolphins,  rep- 
resenting a  substantial  drop  in  metaboUc 
rate,  perhaps  close  to  basal  rate. 

Metabouc  rate 

Resting  MetaboHc  Raie 

Estimates  of  resting  metabolic  rate  in  a 
number  of  whale  species,  calculated  using  the 
method  of  lung  capacity  (Scholander,  1940), 
are  given  in  Table  14.  Items  imdn*  the  head- 
ings of  R  Q.,  :ur  utilization,  lung  capacity  and 
respiratory  cycle  are  based  on  fmdings  from 
the  previous  discussions.  The  animals  listed 
are  those  for  which  the  lung  capacity  and  body 
size  and/or  weight  are  known  either  from  pub- 
lished sources  or  from  new  data.  In  Fig.  44, 
these  vahies  have  been  ]^tted  along  with 
those  for  directly  measured  rates  in  other, 
mainly  small,  Cetacea,  and  Pinnipedia.  On  the 
whole,  the  calcuhited  estimates  appear  rea- 
sonable compared  with  values  one  would  ex- 
pect 1^  ejUrapolation  of  the  direct  measure- 


mcnts.  Resting  metabolic  rate  is  difficult  to 
define,  so  that  Umils  of  what  is  called  resting 
must  be  flexible.  The  calculated  rales  for  the 
large  whales  are  probably  realistic. 


Basal  Metabolic  Rate 

These  rates  are  very  difficult  to  assess  in 
nature,  because  the  true  basal  rate  is  hardly 
ever  observed  in  day  to  day  living.  Basal  rates 
are  probably  only  applicable  to  animals  in 
deep  slumber,  starvation  (Benedict  and  Ritz- 
man,  1927),  or  in  late  hibernation.  However, 
estimates  of  basal  metabolic  rate  can  be  made 
by  three  methods. 

Brody  (1%8)  gave  a  formula, 

M  «  70.5W«'»», 

relating  basal  metabolic  rate,  M,  and  body 
weight,  W,  in  land  mammals,  as  noted  earlier, 
which  can  be  extrapolated  to  include  Cetacea. 
Brody  mentioned  that  basal  metabolic  rate  has 
little  relevance  for  immature  growing  animals 
whose  lowest  metaboHc  rate  must,  because  of 
the  growth  energy  requirements,  exceed  those 
in  adults  who  must  meet  only  maintenance 
costs.  Brody  found  that  resting  metabolic  rates 
of  growing  animals  can  approximate  up  to 
twice  the  basal  rates  of  adults.  The  true  resting 
metabolic  rate  in  adult  animals  is  the  main- 
tenance energy  expenditure  rate,  of  whldi 
about  85  %  is  the  basal  metabolic  rate  con- 
cerned with  life  processes  which  operate  even 
during  starvation,  and  the  remaining  15  %  is 
the  expense  in  muscular  effort  necessary  in 
essential  moving  about  and  feeding.  Basal 
metabolic  rate  can  thus  be  calculated  as  ap- 
proximately 85  %.  of  resting  values. 

According  to  IMU  (1936),  the  oxygen 
consumed  by  man  running  at  top  speed  is  10  to 
20  times  that  at  the  basal  metabolic  rate.  Brody 
(1968)  quoted  several  examples  substantiating 
this  observation  but  mentioned  that  brief  peak 
^ort  under  stress  can  consimie  up  to  100 
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of  hag  e^cHsr  ^dMbadw,  19M) 


Average  rcspiratoiy  cycle 


Species 

of 
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limes  the  basal  energy  expenditure.  However, 
active  metabolic  rates  for  sustained  hard  work, 
such  as  heavy  labouring  in  work  animals  and 
man  are  about  8  tunes  the  resting  rates.  If 
active  metabolic  rates  are  taken  to  apply  at  top 
cruising  speed  in  swimming  whales,  then  basal 
metabolic  rate  can  be  estimated  as  approxi- 
mately 10  %  of  the  active  rate. 

Active  MetaboSc  Rate 

Gray  (1968)  estimated  that  during  ac- 
tivity, the  power  developed  in  mammalian 
muscle  was  about  0.01  hp/lb  muscle  equiva- 
lent to  1.64  X  10*  ergs/kg  muscle.  He  assumed 
that  this  probablv  apph"cd  lo  marine  mammals 
also.  Lang  (1 966)  calculated  the  top  swimming 
speeds  for  different  lengths  of  lime  for  Ceiacea 
of  sizes  ranging  between  dolphins  and  blue 
whales,  assuming  that:  (a)  full  laminar  flow 
occurred  during  swimming,  and  (b)  turbulence 
occurred  as  for  a  towed  rigid  body.  From  a 
comparison  of  observed  lop  swimming  speeds 
with  predicted  ones,  he  concluded  that  either 
dolphin  m  uscle  was  4  or  5  times  more  powerful 
than  suggested,  or  that  neariy  tHU  laminar  flow 
occurred.  He  estimated  the  power  developed 
for  different  durations  of  exertions.  Assuming 
from  body  weight  data  for  bottlenose  and 
other  dolphin  species  given  by  Tomitin  ( 1 967) 
that  muscle  oonstittttes  about  33  %  of  body 
weight,  the  power  values  given  by  Lang  can  be 
converted  to  a  Ibrm  directly  comparable  to 
Gray*s  estimate.  Thus,  for  the  operative  mus- 
culature (Gray  estimated  that  only  half  of  the 
musculature  could  function  at  once)  the  values 
for  horsepower  developed  per  pound  of  oper- 
ative musculature  in  periods  of  0.5  sec,  5  sec, 
15-120  niin.  and  a  day  are  0.21,  0.072,  0.018 
and  0.0068.  respectively.  The  exceedingly  high 
values  are  for  brief  peak  exertions  only,  such 
as  in  jumps.  The  values  nearer  0.01  hp/lb 
muscle  are  for  sustained  effort,  when  top  spe* 
eds  are  also  considerably  less  than  during  brief 
exertion.  Bro<K  (1968)  gave  data  for  work 
hoises  during  5  sec  peak  exertions.  These  ani- 
mals were  able  to  develop  the  equivalent  of 


between  0.1  and  0.2  hp/lb  operative  muscle, 
similar  to  the  Celacea  during  brief  peak  exer- 
tion. 

Kramer  (1960)  and  Aleyev  (196S,  1970) 

found  running  deformation  waves  in  the  skin 
of  swmiming  dolphins,  which  decreased  the 
hydrodynamic  resistance.  Purves  (1969)  sug- 
gested that  the  structure  of  the  tail  flukes  might 
be  related  to  laminar  flow  in  Mysticeli.  Purves 
also  found  diagonal  dermal  ridges  on  the  body 
of  Celacea,  and  he  believed  that  the  skin  was 
sufficiently  plastic  to  permit  the  formation  of 
the  surface  ripples  whilst  swimming.  All  these 
findings  support  the  thcon,  that  laminar  flow 
must  be  present  m  the  swimming  of  the  dol- 
phin. Lang  (1966)  found  that  between  40  % 
and  100  %  laminar  flow  occurs  in  swimming 
dolphins  from  expenmentation,  perhaps  on 
average  70  %,  so  considerably  lowermg  the 
drag  coefficient  and  increasing  swimming 
speed. 

rhc  likely  resistance  encountered  during 
different  activities  can  be  calculated  trom  the 
formula. 


where  R  =  resistance  in  pounds;  C,  =  coeffi- 
cient of  drag  which  may  be  calculated  from  the 
Reynold's  number,  R,  =»  VL/v,  and  assuming 
70  %  laminar  flow;  P  =  weight  of  cubic  feet 
of  water,  64.1  lb  for  seawater;  A  =  surface 
area  in  square  feet;  V  =  swimming  velocity 
in  feet  per  second;  g  =  gravity  constant 
32.2  ft/sec/sec;  L  =  body  length  in  feet; 
V  =  1 .3  X 10'^  AVsec,  the  viscosity  of  seawater 

at  irc. 

Swimming  speeds  can  be  gained  from 

the  data  of  Gilmore  (1961),  Dawbin  (1966), 
Gray  (1968),  Tomilin  (1967).  Zenkovich 
(1937a),  Lane  (1966)  and  Williamson  (1972), 
shown  in  Tame  IS. 

In  calculating  the  total  power  output, 
certain  assumptions  have  been  made.  The 
usual  efficiency  of  work  in  horses  and  man, 
according  to  Brody  (1968),  is  20  %;  that  is,  for 
every  100  kcal  of  muscle  energy  expended  only 
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Species 

of 
whale 


Feeding 


Swunming  speeds  Icm/hr 

Migratiog 

and 
craisiog 


Maximum 

when 
alumed 


Blue 

2-53 

3^3 

48 

Fin 

S-30 

41 

Sei 

2-63 

S-30 

Brvdc 

2-6.5 

S-30 

Humpback 

2-4 

S-IS 

27 

Minke 

2-6 

S-26 

lUgbt 

2-4 

Ml 

16 

Gray 

2-4 

4.7.5 

16 

Spemi 

5-12 

26 

Killer 

14-22 

37 

Dolphins 

16.5-24 

46 

20  kcal  can  be  regained  in  useful  work  owing 
to  internal  body  resistances  This  efficiency 
has  been  assumed  for  Ceiucea,  although  Ka- 
wamura  (1975)  assumed  an  dSdeoey  as 
as  25  %,  so  that  the  actual  energy  expended  in 
the  muscle  in  order  to  overcome  the  calculated 
resistance  is  5  times  that  calculated  from  the 
formula  for  power  developed  during  swimm- 
ing. 


Q. 


RV 
550 


hp 


(1  hp  -  550  It  lb/sec  and  1  hp  -  7.45x10* 

Cfg!S/scc). 

In  I  able  16,  the  resistance  encountered 
and  power  developed  ui  the  muscle  whilst 
swimming  at  various  speeds  have  been  calcu- 
lated  for  different  sizes  of  blue  or  fin  whales. 
The  energetic  heat  equivalents,  on  a  daily  basis 
for  the  whole  animal,  are  also  given  where 
relevant,  assuming  1  hp  =  1.54  x  10*  kcal/- 
Ib/day.  These  calorific  values  are  the  extra 
energy  expenditure  above  basal  metabolic 
rale  incurred  by  sustained  activity. 

The  values  for  cruising  energetics  in 
Table  16  approach  O.OI  hp/lb  operative 
muscle,  so  that  it  would  appear  reasonable  In 
accept  Gray's  (1968)  estimate  in  calculaung 
active  metabolic  rate.  The  values  <^  effort  at 
maximum  levels  are  comparable  with  those 
already  mentioned,  and  would  be  exceeded  for 
split  second  activities  such  as  leaping. 

Basal  metabolic  rales  would  be  approxi- 
mately one  tenth  of  the  active  rates  during 
cruising  speeds;  for  example,  in  a  50-59  ft 
whale,  basal  rate  would  be  between  1  and 
2  X 10*  kcal/day.  The  extra  energy  required  for 
feeding  amounts  to  rather  more  than  15  %  of 
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the  basal  rate,  which  is  about  what  would  be 
^cpected  if  basal  rate  is  8S  %  of  resting  or 
maintenance  rate.  Similar  results  are  obtained 
for  the  other  sizes  of  whales. 

We  may  now  return  to  the  problem  erf* 
estimating  basal  metabolic  rate,  and  using  the 
3  methods  described,  values  are  given  in  Tabic 
17  for  basal  metabolic  rate  in  dilTerent  sizes 
of  whales.  Resting  metabolic  rate  is  also  given, 
based  on  interpolation  of  vital  lung  capacity 
data  shown  in  Tabic  14  and  Fig.  44.  Active  rate 
is  based  on  Gray's  (1968)  estimations.  Overall, 
there  is  considerable  agreement  and  correla- 
tion of  values  gained  by  various  methods.  Ho- 
wever, the  formula  prediction  of  Brody  (1968) 
for  basal  metabolic  rate  generally  seems  low 
for  Cetaoea  with  reference  to  the  other  esti- 
mates, and  does  not  follow  the  same  gradient 
as  the  other  estimates  in  the  logarithmic  rela- 
tionship of  metabolic  rate  and  body  weight 
shown  m  Fig.  45.  This  is  not  unusual  conmi^d 
with  othor  mammals,  since  many  do  not  follow 


the  formulated  relationship  exactly  (Brody, 
1968). 

Nevertheless,  the  calculated  values  of 
basal,  resting  and  active  metabolic  rates  pro- 
bably give  a  fairly  realistic  guide  to  energy 
expenditure,  so  that  they  may  be  used  with 
reasonable  confidence  in  estimating  energy 
budgets  for  large  Cetacea. 


Energy  Budget 


Utilization  of  available  energy 

The  ener^  content  of  the  food  ingested 

is  generally  only  partially  utilized.  Only  a 
portion  of  the  energy  consumed  is  assimilated, 
the  remainder  often  bemg  in  an  indigestible 
form  T/bkk  is  rejected  from  die  body.  Of  tfie 
amount  assimilated,  the  m^<mty  is  required 
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for  bhie,  fin  aod  spenn  whale*. 

for  metabolic  processes  and  tissue  mainten- 
ance, whilst  an  '  excess  is  available  for  growth 
and  development.  The  proportion  of  assim- 
ilated energy  needed  for  growth  in  young  ani* 
mals  is  always  relatively  high  compared  with 
adults,  and  depends  largely  on  the  staee  of 
developmental  growth,  so  that  growth  efli- 
dency  relative  to  energy  consumed  is  closely 
linked  to,  and  decreases  with,  age. 

The  amount  of  energy  utilized  in  meta- 
bolism varies  considerably  according  to  the 
«ilent  of  muscular  activi()f,  and  extonal  envi- 
lonmental  conditions. 

Heat  Loss  from  the  Body  to  the  Environ- 
ment 


bk  the  central  body  region,  in  blue  and 
fin  whales,  the  thickness  of  the  lateral  blubber 


represents  about  average  overall  thickness. 
However,  the  dorsal  and  ventral  blubber 
thicknesses  of  the  areas  adjacent  to  the  dorsal 
fin  and  anogenital  openings,  and  in  die  tail, 

are  up  to  twice  that  of  the  lateral  blubber 
(Slijper.  1948).  The  majority  of  the  body  sur- 
face area,  excludmg  appendages,  is  in  the 
central  region,  so  diat  an  estimate  of  heat  loss 

via  the  body  blubber  can  be  approximated 
using  the  lateral  blubber  thickness  as  a  stan- 
dard m  the  formula 


-dQ  _ 
dt 


-kAAT 


Ah' 


where  k  is  the  thermal  conductivity  coefTicient 
of  the  insulator  (blubber).  Ah  is  the  thidcness 
of  this  insulator,  AT  is  the  temperature  gra- 
dient between  the  body  and  the  environment, 
A  is  the  surface  area  of  the  body  and  dQ/dt  is 
the  rate  of  heat  loss  per  unit  area  of  body 
surface  (Stacy  et  al.,  1955).  Parry  (1949)  and 
Scholander  ei  al.  (1950)  estimated  that  the 
thermal  conductivity  of  lateral  blubber  discs, 
taken  from  a  dead  fin  whale  and  harbour 
seal  respectively,  was  approximately  10 
kcal/m7day/''C/cm  in  icewater  and  6 
kcal/mVday/'C/cm  in  air  at  0*C.  The  mean 
body  temperature  in  Cetacea  is  about  36°C 
according  to  the  data  in  Table  18.  Ignoring 
sexual  and  seasonal  variations  in  blubber 
thickness,  the  mean  thickness  of  flank  blubber 


1  able  18.    Deep  body  temperature  in  Cetacea 


Species 


temperature 


Reference 


Balaenopura  36:6-36.9 

(unsprcified) 

Halaenoptera  muscubts  35. 1 

Balaennptera  phrsalus  36.3 

Mci^apu-rd  niivaean^liac  36.3 

Lm  hrichiius  rubustus  36.5 

Physeter  catodon  35.8 

Tiinlops  ifuncatta  36,5 


MorilllOlO.Takata 
ASiidaiki(I92l) 

Laurie  (1933) 
Ir\'me  (1939) 
SpcLior  (1456) 
Spccior(i956) 
Irving  (1939) 
Kanwisber  A 
SandiMS(l966) 
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is  approximately  0.425  %  of  body  length  in 
blue  and  fin  whales,  according  to  Fig.  17  to  20. 
Thus  blubber  thicknesses  can  be  calculated  for 
difTerent  sizes  of  ^ndiales.  Assuming  that  ave- 
rage summer  water  temperatures  in  the  An- 
tarctic are  around  Q"C  and  winter  off  Durban 
about  25^,  AT  is  36"C  and  1 TC  respectively. 
In  Table  19,  the  calculated  heat  loss  through 
the  lateral  blubber  is  shown  for  different  sizes 
of  whales. 

Hart  and  Irving  (1959)  found  that  living 
blubber  conducts  heat  about  50  %  more  effi- 
ciently than  dead  blubber  as  investigated  by 
Scholander  et  aL  (1950),  and  ascribed  this 
increase  to  heat  transport  via  drcuUition  of  the 
blood.  Kanwishcrand  Sundnes  (196Q leport- 
ed  that  heat  fluw  from  Tursiops  truncatus  on 
the  side  blubber  was  23-60  %  more  than  from 
dead  blubber.  Thus  the  figures  for  heat  loss  in 
Table  19  should  be  doubled.  The  heat  loss  is 
remarkably  low,  10  %  or  less,  so  that  most  heat 
must  be  dissipated  via  the  pectoral  and  dorsal 
fins,  and  taU  flukes.  The  fact  that  the  complex 
vascular  tissue  in  these  organs  is  for  the  pur- 
pose of  thermoregulation  has  now  been  well 
established  by  Onmianey  (1932),  Parry  (1949), 
Tomilin  (19S1),  Scholander  and  Schevill 
(1955)  and  Belkovich  (1961).  Kanwishcrand 
Sundnes  (1966)  found  that  normally  heat  flow 
from  these  areas  was  x  3  to  x  5  that  dissipated 
through  the  lateral  body  blubber  of  porpoise 
in  water  temperatures  from  25-27°C.  Parr\' 
(1949)  and  Scholander  et  al  (1950)  estimated 
that  heat  loss  via  the  lateral  blubber  was  only 


35-60  %  of  total  heat  loss  in  live  animals,  so 
that  they  assumed  that  the  rest  was  lost  via  the 
fins  and  tail.  Kanwisher  and  Sundnes,  howe- 
ver, found  that  in  common  harbour  porpoise 
during  periods  of  near  basal  activity,  in  equ- 
ilibrium with  the  surrounding  water  at  8"C,  the 
heat  loss  via  the  lateral  blubber  was  greater 
than  that  through  the  extremities. 

Heat  losses  via  the  blubber  are  therefore 
negligible  a.s  part  of  the  energy  expenditure, 
and  because  the  blubber  is  highly  efficient  as  a 
thermal  insulator,  hyperthermia  during  activ- 
ity is  probably  more  of  a  piiihlcni  than  hypo- 
thermia. The  fins  and  tail  flukes  must  nd  the 
whale  of  virtually  all  excess  heat,  and  be  more 
efficient  in  this  process  than  in  small  Cetacea 
and  Pinnipedia.  Kanwisher  and  Sundnes 
(1966)  estimated  that  less  than  5  %  of  total  heat 
losses  are  through  evaporation  in  the  lungs. 


Growth  and  energy 

REQUIREMENTS  OF  SUCKLING 
BLUE  ANI>  FIN  WHALE  CALVES 

Growth 

Tomilin  (1946)  estimated  that  suckling 
blue  whales  gain  81.3  kg/day  in  body  weight 
and  consume  90  kg/day  of  milk  during  the 
7-montii  nursing  period.  Kirpichnikov  (1949) 
(quoted  in  Tomilin  (1967))  calculated  a  weight 
gain  of  100  kg/day  and  a  lenpth  increment  of 
4.3  cm/day  during  the  unwcaned  growth 


TaUe  19.   EstioMtedlmtloallirovghllwUiiUm  of  die  body  of  the  whale. 

Body                 Body             ^?*2"  ,  '''■•"I"  '^'^^ /'V'' 

iJZZ^  1^                 ...w.^.               blobber  loss  kcal'<.!;iv  basal  mclab<ilic  rate 

cm  Anlarctic  Durban  Aniarctic  Durban 

50                     S2                 6.S  6.SSXI0)  2.00X101  5X)  |^ 

15.2 

(0                        137                    K.2  9  02  X  UP  2.7(1x103  4.0  LO 

18.3 

70                      168                   9.6  9.45x105  2.5  1.0 
2U 
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phase.  Referring  to  Figs.  7  and  1 1  the  average 
weight  and  length  increments  for  male  and 
female  calv  es  are  probably  of  the  order  of  81 
kg/day  and  3.45  cm/day  respectivelv  during 
nursing.  This  value  of  weight  gain  agrees  with 
that  of  Tomilin  (1946),  so  that  his  estimate  of 
milk  consumption  has  been  accepted. 

Ruud  (1937)  estimated  that  suckling  fm 
whales  grow  60  kg/day  and  about  3  cm /day  if 
lactatkm  lasts  6  months.  Tomilin  (1946),  how- 
ever, estimated  that  sucklings  grow  53  kg/day 
and  consume  72.3  kc  das  of  milk  if  lactation 
lasts.  7  months  as  it  does  in  blue  whales.  Figs.  8 
and  12  show  that  the  weight  gain  is  52.5 
kg/day  and  the  length  increment  is  2.4  cm/day 
during  7  months  of  suckling. 

Calories  of  Growth 

Analyses  ol  red  meal  Irom  different 
parts  of  the  body  of  Antarctic  fin  whales  are 
recorded  in  the  logbooks  of  the  lOS.  Results 
give  a  water  content  of 60-75  %  and  fat  content 
of 2.75-16.00  %  depending  on  the  region  of  the 
body.  Afai  and  Sakai  (1952)  estimated  that 


baleen  whale  meat  consists  of  approximately 
70.75  %  water,  21.75  %  protein,  6.5  %  fat  and 
1  %  mineral  ash.  This  would  represent  a  calo- 
rific value  of  about  1  800  kcal/kg,  assuming 
that  the  heat  equivalents  of  protein  and  fat  are 
5650  kcal/kg  and  9450  kcal/kg  respectively 
(Brody,  1968  )  The  fat  content  of  muscle  can 
vary  considerably  according  to  the  season  and 
region  of  the  body,  from  0.13-34.68  %.  Arai 
and  Sakai  found  that  whilst  adult  animals  va- 
ried in  water  content  from  40  %  to  70  %,  and 
embryos  could  hold  up  to  90  %,  muscle  in  all 
animals  contamed  up  to  75  %  water  and 
6-20%  fat  Petrides  and  Swank  (1965)  and 
Brody  (1968)  gave  a  calorific  value  of  mammal 
flesh  of  approximately  1  500  kcal/kg. 

In  estimating  the  calories  of  growth,  it 
has  been  assumed  that  most  energy  has  been 
channelled  into  making  muscle  and  visceral 
tissue,  fhe  calorific  value  of  the  growth  has 
been  estimated  in  Table  20. 

Metabolic  Energy  Expenditure 

Referring  to  Table  17,  the  resting  meta- 
bolic rates  of  fin  and  blue  whale  calves  of  sizes 


TaNe  201  EDcrgy  ludget  for  calves  prior  to 


Item 


bncrey  input 
milk  consumed 

calorific  value  of  milk  consumed,  ai  4  137  kcal/kg 
Total  mtx^  input 


Energy  utilization  and  output 

(M  -M.i'.uh  Ini-remeni  during  7  fflODths 

J.iiK  yrinMh  increment 

c.iliint'iv  \^iliit-      fr.>u.th  increment,  at  I  SOO  kcal/kg 
(2)  possible  average  metabolic  rate 
Total  eocfgy  oiilizaiion 


[Energy  not  uiili/ed 
input  -  output  =  faeces 


(iross  j^Towth  efficiency 

Avsmiil.uion  ctTu  i(.-ni.  v 
Net  growth  cflkienc) 


Species 


Blue  m  +  f 


Fin  m  +  I 


90  ki;/d;i> 
372  330  kcal/day 
372330  kcal/day 


72,3  kg/duv 
299  105  kcal/day 
299  lOS  kcal/day 


17  tonnes 
8!  kg/dav 
121  5(H)  kciil/dav 
20U  UUU  kcal/day 
321  SOO  kcal/day 


115  tonnes 
53  k!?/dav 

200  CXX)  ktal/dav 
279500  kcal/day 


(372  330-321  500) 
-SO 830  kcal/day 


(299  105-279  500) 
•  1960S  kcal/day 


32.6% 

86% 

37.8% 


26.5% 

93  T 
28.5  % 
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25-50  ft  are  unlikely  to  exceed  2xlO> 
kcal/day. 


Cahries  of  MiOt  Consumption 

Clowes  (1929)  found  that  blue  whale 

milk  consisted  of  34-37  %  fat,  41-51  ^7  water 
and  14-22  %'  solid  residue  comprising  protein, 
a  iitllc  sugar  and  mineral  sails.  K.irpichnikov 
(1949)  (quoted  in  Tomilin  (1967))  estimated 
50.07  %  fat  and  49.93  %  water  and  solids  in 
blue  whale  milk.  Clowes  found  that  the  fat 
content  of  dolphin  and  pilot  whale  milk  was 
43-46%. 

Fin  whale  milk  was  found  to  contain 
30.2  %  fat,  54.19  %  water  and  15.61  %  solids  bv 
Clowes  (1929),  3 1-33  %  fat,  53-55t%  water  and 
13-14  %  soUds  by  Ohta  et  at  (19S5),  of  which 
the  solids  constituted  11.95-13.3%  protein. 
0.2-1.79%  sugar  and  1.43-2-16%  ash  in  the 
milk.  An  analysis  of  fm  whale  milk  recorded  in 
the  logbooks  of  the  lOS,  showed  that  the  milk 
consisted  of  approximately  48-52  %  fat,  40  % 
water,  10  %  protein  and  the  remainder  inor- 
ganic salts.  Tomilin  (1946)  estimated  that  fin 
whale  milk  contains  22.24  44  40  '  fat. 

In  both  blue  and  fin  wlialc  milk,  fat  and 
protem  together  constitute  up  to  30  %  of  the 
milk  by  weight  If  an  average  sample  of  whale 
milk  consists  of  36  %  fat,  13  %  protein,  1  % 
mineral  ash  and  49  %  water,  and  the  heats  of 
combustion  of  fat  and  protein  are  9  450 
kcal/kg  and  5650  kcal/kg  respectively,  the 
calorific  content  oi  milk  is  4  137  kcal/kg. 
Tomilin  (1946)  gave  a  calorific  value  of  ror- 
qual milk  of  3  657-4  305  kcal/kg,  which  covers 
me  calculated  value  just  given.  The  calorific 
values  of  milk  consumption  by  blue  and  fin 
whale  calves  are  given  in  Table  20. 


Energy  Budget  and  Growth  Efficiencies 

A  basic  breakdown  of  energy  input  and 
output  for  blue  and  fin  whale  calves  prior  to 


weaning  is  shown  in  Table  20.  OlOSS  growth 
efficient^,  defined  as. 

Calories  of  net  growth  X  100 
Calories  of  food  consumed 

and  net  growth  efficiency  defined  as. 

Calories  of  net  growth  x  100 
Calories  of  food  assimilated 

are  given  for  each  species,  and  fall  within  the 
expected  ranges  observed  for  other  suckling 
and  very  young  mammals^  shown  in  Table  21. 

Rubner(1908)  gave  an  estimate  of  37  %  for  net 
growth  efficicncv.  althmigh  (he  animal  type 
was  not  mentioned.  Ihe  calculated  high  as- 

sunilation  efiiciendes  for  whales  expre«ed  as 

percentage  of  calories  consumed  therefore 
seem  likely,  comparing  Rubner's  estimate  to 
those  m  Table  20. 


Table  2LGfWtt  growlli  clllcieaclet  la  teamtk  aalaiab 
(kned  oa  Brmfy,  1968) 


Species 

Bodv 
weigfit 

Age 

^  gross 
growth 
eflictcncy 

Comments 

Rat 

0.084 

0.6 

weaned 

8.4 

and  aduh 

0.070 

7j6 

animals 

0.070 

11.4 

0.070 

13.6 

Jeney 

35.5 

I  month 

37 

suckling 

cattle 

II7.0 

6  montlis 

20 

206.5 

12  nionih.'! 

9 

\ 

290.S 

18  munlhs 

7 

24  months 

5 

tuning 

Holstein 

49.13 

1  munfh 

.15 

sucfciine 

cattle 

147.7 

6  months 

17 

206.0 

9  months 

10 

1 

260.0 

12  months 

5.4 

375.0 

18  months 

7.0 

weanmg 

Chicken 

0.0627 

1  week 

35 

0.053 

26 

1.490 

24  weeks 

2.5 
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GrOWIH  and  FNKRCiV 
REQUIRF.MENTS  OF  Jl  \  FMLE 
BLUE  AND  FIN  WHALES 

The  feeding  pattern  of  weaned  calves 
must  be  considered  before  the  energy  require- 
ments of  these  animals  can  be  estimated.  The 
weaned  calf  probably  commences  feeding  on 
krill  in  the  7th  or  8th  month  of  its  life,  when  it 
accompanies  its  mother  to  the  southern  feed- 
ing grounds,  and  continues  to  feed  on  krill  for 
a  further  4  or  more  months.  Maduntosh  and 
Wheeler  (1929),  Harmer  (1931)  and  Bannister 
and  Baker  (1967)  suggested  that  after  this 
feeding  period  in  the  Antarctic,  the  calves 
migrate  northwards  again  to  the  lower  latitu- 
des where  feeding  continues,  although  at  a 
greatly  reduced  rate  owing  to  (he  (iecreasctl 
availability  of  suitable  food.  The  young  call, 
however,  probably  feeds  regularly  and 
continuously  throughout  the  first  year  of  life. 
.After  the  first  vear.  the  apparent  growth 
rate  slows  appreciably,  perhaps  reflecting  a 
change  in  habits  from  regular  to  irregular 
feeding.  There  does  not  seem  to  be  anv  notice- 
able alteration  in  growth  rate  at  weaning, 
even  though  the  diet  changes  and  the  whale 
may  need  to  expend  more  energy  in  actively 
seeking  krill  shoals.  However,  from  the  evi- 
dence of  full  stomachs  of  whales  in  the  An- 
tarctic (see  fables  6  and  7),  food  appears  to  be 
abundant  there,  so  that  feeding  rates  in  the 
weaned  calf  are  unlikely  to  differ  greatly  from 
those  in  the  suckUng  whale. 

On  weaning,  the  calf  probably  makes 
initial  contact  widi  several  of  the  parasites 
which  infest  cetaceans.  In  analysis  of  the  gut 
contents  of  4  suckling  calves,  16  weaned  calves 
and  112  adults  taken  in  1930/31.  none  of  the 
first  group,  94  %  of  the  second  group  and  95  % 
of  adult.s  carried  gut  parasites  such  as  acan- 
ihocephalans,  cestodes  and  nematodes.  These 
parasites  very  probably  only  reach  the  secon- 
dary whale  host  when  eaten.  Because  of  the 
almost  total  infestation  of  the  weaned  whale 
population  by  parasites,  the  general  health 
and  rate  of  growth  and  developnient  <^  the 
animals  cannot  be  seriously  impaired.  Other 


external  skin  parasites  and  baleen  plate  com- 
mensals probably  affect  the  growth  and  meta- 
bolism of  the  whale  even  less. 

After  the  first  year  of  life,  the  feeding 
pattern  becomes  distmctly  seasonal.  The  sec- 
tion on  "Correlation  of  seasonal  feeding  mig- 
ration and  variations  in  blubber  thickness  and 
body  weight"  shows  that  the  whale  stores 
much  fat  during  the  feeding  season  in  order  to 
surv  ive  the  poor  feeding  conditions  through- 
out the  remainder  of  the  year. 

Growth 

The  juvenile  whale  is  growing  both  in 

terms  of  development  and  temporary  deposi- 
tion of  fat  for  the  period  of  poor  feeding  con- 
ditions. The  temporary  fal  depot  amounts  to 
between  30  %  and  50  %  of  lean  body  weight, 
and  the  distribution  and  extent  of  fattening  in 
various  tissues  can  be  estimated  from  Table  4 
and  Figs.  26  to  29  mclusive.  In  Tables  22  and 
23  the  calorific  values  of  the  energy  stored 
during  the  pre-pubertal  year  for  blue  and  fin 
whales  respectively  are  calculated  assuming 
the  body  sizes  indicated  in  Figs.  7  and  8.  The 
maximum  fat  tissue  content  has  been  assumed 
at  80%. 

Analyses  made  during  the  Antarctic 
summer  of  blubber  oil  content  of  rorquals, 
recorded  in  the  logbooks  of  the  lOS,  show  that 
the  regions  of  greatest  oil  yield  (76-82  %)  are  in 
the  dorsal  body  parts,  whilst  the  head  and 
throat  regions  yield  only  32-39  %  oil.  The  con- 
nective tissue  forms  6-22%  of  the  blubber. 
Clowes  (1929a)  found  that  rorqual  blubber 
sampled  in  summer  consists  of  up  to  80  % 
liquid  oil  and  wax.  Recent  analyses  of  the 
blubber  from  2  specimens  of  pigmy  blue 
whales  stranded  off  Albany  in  Western 
Australia  during  winter,  kindly  performed 
by  Dr  R.  Morris  of  the  fOS,  show  tliat  lateral 
blubber  consi.sts  of  73.1-83.3  lipid.  4.9-8.4  % 
protein  and  fibres,  and  8.3-22  %  water.  It  would 
seem  likely  that  a  fixed  percentage  of  the  fat 
tissue  stored  m  any  of  the  body  organs  must  be 
connective  tissues  similar  to  those  in  blubber  459 
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Tabk  22.  Yculjr  eaetgy  ln||el  far  Hue 


at  priierty 


Hem 


male 


SEX 


female 


Eneny  input: 

(1)  food  oonsumed  in  Antarctic  at  35  g/kg  body 

weight/day 

calorific  vane  of  food  consnmed  at  1000 
kcal/kg 

total  calories  consumed  daring  120  days*  feed- 
ing in  Antarctic 

(2)  possible  reduced  rate  of  food  consumption  in 

low  latitudes  at  3.5  g/kg  body  weighi/du) 
calorific  value  of  food  coosumea  at  1 000 
kcal/kg 

total  calories  i >  r  i:nicd  during  245  days*  feed- 
ing in  low  latiiudcs 
Total  annual  calorie  intake 


72  000x0035-2  SOO  kg/day 
2.SxlO>kcal/day 

1 20  X  2.5  X  10*  -  3.00  X  10«  kcal 

72  OOOx  OX)035-  250  kg/day 

2.Sxia»kcal/day 

245  X  2.5  X  10^  =  0.61  X  I0«  kcal 
(3.00  +  0.61  )x  I0«  =  3.6I  X  KV  kcal 


87  000x  035  -  3  000  kg/day 
3.0xl0*kcal/day 

120X3.0X  10*- 3.60 X  1U«  kcal 

87  000x0035-300  kg/day 

3.0x  tO*kcal/day 

245X3.0X  i(V  =  0.74x  l()«  kcal 
(3.60  + 0.74)  X  ll)^  =  4.34x  10*  kcal 


Energ^V  utili:aiion  and  output: 
(1)  total  ^rowih  increment  during  pie-pubertal 
year  (sec  Figure  1 1 ) 
blubber  we^t  gain  as  27  %  lotal  growib  incre- 


calorific  value  of  bhibber  oil  and  visceral  fills  at 

9  450  kcal/kg 
meat  weight  gain  as  39  5  total  growth  incre- 
ment 

calorilic  value  of  meat  at  1  51XJ  kcal/kg 
Total  calories  of  growth  during  pre-pobenal  year 

(2)  daily  metabolic  energy  expenditure  at  low  ac- 
tivity (resting  rale,  see  Table  17)  at  pubcity 
230  days  in  low  biritndes  at  diis  metaboUc  rale 

120  days  in  Antarctic  at  this  metabolic  rate 
daily  metabolic  energy  expenditure  at  high  ac- 
tivity (active  rale,  sec  Tahlc  17)  at  pubcru 
15  days  (or  lime  equiv  iicni)  of  continuous 
migration  ai  (hrs  mciab»ilic  rale 
Total  minimum  expected  metabolic  ener;gy  expend- 
iture 


(3)  temporary  energy  storage  in  year  (see  Figure 

26) 

(..iliiritK'  content  of  fat  storage  at  7  560  kcal/kg 
(maximum  fat  umicnt  of  tissue  assumed 
80  1) 

Total  energy  storage  in  year 

Total  energy  udUzaikn  (neglecting  (3)) 


(■I  kg 
IbUOkg 

1 600X9450- UxlOf  kcal 

2  300  kg 

2  300x1  500-0.3  XIO?  kcal 
(l^'»'0J)X  KF-aiSxlO^kcal 


S.7xlO»kGal/day 

5.7X  ]0»x230- 1.31  X  !0>  kcal 

S.7X  10»x  120-0.68X  lOF  kcal 

4  5xlO(kc«l/day 

4.5X  10(X  tS-0.6BX  10*  kcal 

(1.3l-fO.<8+a68)X  10<- 
2.67xl0*kcal 


27000  kg 


27  m)  X  sfvo  =  2.04X  10* kcal 

2.04xlOHkcal 

185x10*  kcal 


«  OOt)  kg 
2100  kg 

2  100x9  450- 10x10' kcal 

3  IfK)  V\L 

3  100  X  I  500=0.4  X  10^  kcal 
(2.0't'0A)X  l<r-a24X  W  kcai 


6.8xlO»kcal/day 

6.8X10*  230- 1.56X10*  kcal 

6Jx  10*x  120=0Jt2x  10*  kcal 

5.7xl0*kcal/day 

5.7X]0»X  15-0.86x10*  kcal 

(1.56+ a82-»>0.86)x  10*- 
3.24X  10*  kcal 


33000  kg 


33  (m  X    y,i  I  =  2.S0X  10*  kcal 
2.50 X  10»  kcal 
3.48X10*  kcal 


Energy  not  luilized: 

input  -  output  -  faeces  (3.6l'2.85)x  10*-a76x  10*  kcal  (434-3.48)X  10*-O86x  10* kcal 

Gross  giowth  efllcien^  5.0  %  5.6% 

Assimilation  efficiency  79  T  80  % 

Net  growth  efficiency  6.3  %  6.9  % 
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I  able  23.    ^earU  energy  budget  for  fin  whales  al  puberty 


Item 


male 


SEX 


female 


Eim^  input: 


(1)  nod  consumed  in  Antaiclk  al  35  g/kg  body 

weubt/day  43  S0OxaO3S«lS0O  kg/day 

calorinc  value  of  food  oonsunted  at  1000 

kcal  kg  I3xl0»kcal/day 

tolal  caluncs  consumed  dunng  120  iia)'»'  reed- 
ing in  AntaiOic  l20xi^)CtOB«lJSOxl()Pkcal 

(2)  possible  reduced  rate  of  food  consumption  in 

k)w  iaiiludes  at  3.S  g/kg  body  wdglii/day     43        a003S  - 150  kg/day 
cahifific  value  of  food  coasnmea  at  1 000 
kcal /kg  IJXlO»kcal/day 

total  calories  consumed  during  245  days'  feed' 

\n-i  in  l.ilitudc^ 
iotal  annual  caloric  intake 


:45x  l.'ix  10''  =  0  37X  10*kc.il 
(l.80  +  0.37)X  lU»-2.l7xlO«ktal 


47  SOOX  aQ35  - 1  MO  kg/day 

I.7xi0^kca]/day 

120  X  L7X  I0>«2.0a  X 10*  kcal 

47  500x  a0035  - 166  kg/day 

1.7XlO*fccal/day 

245  X  1.7  X  I05  =  0.42x  10'  kcal 
(2.03  + 0.42)  X  10«  -  2.45  x  I0«  kcal 


r>UTi\v  iitiiirtitu^r,  ,inJ  ,:!ilpul' 

(1)  luldl  giv)wth  mcrciiicril  diintig  prc-jMihiTfal 

year  (see  Figure  12) 
blubber  weighl  gam  as  24    lota!  growth  incre- 
ment 

calorific  value  of  blubber  oil  and  visceral  fats  at 

9450kGal/kg 
meat  weight  gain  as  45  X  total  growth  iaoe- 

meni 

caK'ritlL  \  .liiii.' <ir  tiic.il -It  1  50Okcal/kg 
1  oul  calunc.s  ill  giuw.  ih  during  pre-puK-rtal  year 

(2)  daily  metabolic  energy  expenditure  al  low  ac- 

tivity (resting  rate,  see  Table  17)  at  puberty 
230  days  in  low  latitudes  at  this  meiabolic  rate 
120  days  in  Antarctic  at  this  metabolic  rate 
daily  metabolic  energy  expenditure  at  high  ac- 
tivity (active  rale,  see  Table  17)  at  puberty 
15  days  {<<r  (inu-  cxjuiv.ik-ni  i  of  coOliniMUi 
migration  ai  this  metabolic  rate 
Total  minunum  expected  meiabolic enei]Qr  expend- 
iture 


3000  kg 
720  kg 

720x9450-6.8x]0»kcal 

I  350  kg 

1  350  X  I  50()  =  2.0X  kcal 
(6.8-»-2.0jx  HJf^omx  10*  kcal 

3.6  X  l(V  kcal/dav 

3.6  X 10^  X  230  ->  0.83  x  10>  kcal 

3.6X  10»x  120-  0.43  X 10*  kcal 

3.0x10*  kcal/dav 

3.0X  10<>X  I5=045x  W  kca! 

(0.83-f0.43-t-0.45)x  10*- 
1.71  X 10*  kcal 


(3)  temj^traiy  energy  aiorage  in  year  (see  Figure 
calorific  oonient  of  fat  stotagie  at  7  S60  kcal/ke 

led 


T>>r,,I 


(maximnm  fat  contoit  of  ticnie  aasumc 


Total  energy  utilization  (neglecting  (3)) 


10000  kg 

10  000  X  7  560«  a76  X  I0»  kcal 

0.76  X  IO»kcal 

(0.09-1-  l.7l)XlO**l.80x  10^  kcal 


3  500  kg 
S40kg 

840x  9  450-  7.9x10*  kcal 

1  575  kg 

I  575  X  I  5(X)  =  2.4x  10^  kcal 
(7.9-t-2.4)X  IO»  =  U.IUX  10*  kcal 

3.9X  10-  kcal/dav 

3.9X  i0^x23O-0.87x  10»  kcal 
3.9X  I0»x  120-0.47X  10>kcal 

3.3  X  IO*kcal/day 

_V3x  lO^x  l5  =  0.4Qx  iO«  kcal 

(0.87 -I- 0.47 -»■  0.49)  X  10*  = 
1.83  XlO>  kcal 

10750  kg 

10  750x  7  560  =  0.82  X  I0»  kcal 

0.S2X  10*  kcal 

(0.I0■^  1.83)x  IO*-1.93x  I0«  kcal 


Energy  nci  uiilircd: 

input     output     la ctes  (2.17- i.80)X  I0»- 0.37 x  10*  kcal  (2.45  -  I.V>3)X  IO*  =  052x  I0«  kcal 

Gross  growth  efTicicncy  4.0'?  4.0  V 

As.similation  efTiciency  S3  19 1 

Net  growth  efikiem^  5.0%  5.2% 

.  461 
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tissue.  This  temporary  energy  depot  becomes 
dissipated  by  metabolic  expenditure  throug- 
hout the  year,  and  so  cannot  be  considered  in 
estimating  trae  growth  efficieiicy. 

The  amount  of  permanent  developmen- 
tal growth  during  the  pre-pubertal  year  can  be 
determined  irom  Figs.  1 1  and  1 2  for  blue  and 
fin  whales  respectively.  At  puberty  the  female 
blue  whale  is  78.25  ft  and  weighs  about  87  000 
kg;  the  male  blue  whale  is  74  ft  and  weighs 
about  72  000  kg.  The  female  fm  whale  is  65.5  ft 
and  weighs  47  500  kg  at  puberty;  the  male  ffai 
whale  is  63.5  ft  and  weighs  43  500  kt;^  ;ii  pu- 
bertv  The  growth  increments  durint.'  the  vear 
prior  to  attaining  these  sizes  arc  shown  in 
Tables  22  and  23.  Table  5  shows  the  distribu- 
tion of  this  growth  in  weight,  so  that  the  calo- 
rific values  of  the  annual  growth  increments 
can  be  calculated  as  in  Tables  22  and  23  for 
blue  and  fin  whales.  In  caiciilating  tiie  calorific 
value  of  the  increase  in  blubber  tissue,  a 
straight  conversion  of  weight  using  the  total 
calorific  value  of  fat  has  been  used  in  order  to 
allow  tot  increases  in  fat/oU  dsewhere  in  the 
body,  for  example,  viscera  and  bone  The  total 
calorific  value  of  the  growth  increment  is  the- 
refore  a  dose  but  inexact  estunation,  yet  does 
not  alter  the  basic  calculations  in  the  eaergy 
budget. 

Metabolic  Energy  Expenditure 

Duhng  the  year,  the  whale  probably  ex- 
pends most  eneigy  at  an  eoooomkai  resting  rate, 
though  there  is  probably  a  high  me  of  eneigy  use 

during  migration.  From  the  observations  on 
mark  returns  mentioned  above,  it  is  clear  that 
baleen  whales  sudi  as  Uue,  fin  and  humpback 
are  able  to  migrate  seasonally  between  extreme 
latitudinal  limits  of  20*^  and  65°S,  representing  a 
distance  of  about  6  000  miles  there  and  back. 
Brown  (1974)  gave  evidence  that  a  sei  whale 
marked  in  the  Antarctic,  was  recovered  10  days 
later,  2  200  miles  distant,  indicating  an  average 
sustained  migratoiy  speed  of  just  over  9  mi/h 
(143  km/hX  lb  IS  it  is  dear  that  this  speed 
fkOs  within  the  anticqMled  range  of  cniising 


speeds.  If  during  migration  the  large  rorquals 
blue  and  fin  are  able  to  swim  at  a  faster  sustained 
speed  of  about  15  mi/h  (24  km/h  -  the  speed 
affiumed  in  calculating  active  metabolic  nte  in 
Table  16),  (hen  a  period  of  at  least  15  days  would 
be  necessiiry  to  cover  the  journey  of  6  000  miles. 
In  Tables  22  and  23  the  energy  expenditure  dur- 
ing migration  and  during  die  rest  of  the  year  is 
calculated,  referring  to  Table  17  for  values  of 
resting  and  active  metabolic  rates  for  the  relevant 
sizes  of  whales. 

Cahries  of  Food  Qmsumed 

Rdisrring  bade  to  the  section  f^ood  and 

feeding  patterns",  it  can  be  assumed  that  blue 
and  fin  whales  feed  at  an  average  rate  of  35  g  ''kg 
body  wcight/day  for  12U  days  m  the  Antarcuc 
summer,  and  at  an  average  reduced  r^riec^  10% 
of  summer  rates  of  the  order  of  3.5  g/kg  body 
weight/day  for  the  remaining  245  days  (but 
whales  may  nui  teed  at  ail  during  nugration). 
Using  a  converskm  rate  <tf^  1 1^  wet  krill  to  1 OOO 
kcal,  the  calorific  value  of  fiwdooosumed  can  be 
estimated  as  in  Tables  22  and  23. 

&iergy  Bud^ei  and  Urowih  LJjkiencies 

Tables  22  and  23  show  the  iimut  and  out- 
put of  eneigy  in  pubertal  bhie  and  fin  vdiaks. 

Over  a  year,  a.ssimiIation  efficiencies  appear  to 
attain  levels  of  about  80  %.  This  value  is  high,  yet 
in  hannony  widi  the  findings  of  Biige  and  .|iiai^ 
(1922)  who  reckoned  that  at  least  10%  of  food 
energy  is  unobtainable  in  primary  oonsumcn^ 
and  5  %  in  tertiary  consumers.  The  greatest  elB- 
dency  crf'assimilatkin  is  reached  in  animals  m  the 
secondary  consumer  category  upwards.  Primary 
consumers,  for  example,  the  Indian  elephant 
(Benedict,  1936),  may  only  achieve  32-37  %  as- 
similation effidency,  whereas  secondary  consu- 
mers such  as  salmon  (Parson  and  Lebrasseur, 
1970)  and  plaice  (Birkett,  1970)  may  achieve 
80  %  and  92  %  efficiency  respectively.  The 
unobtainable  energy  jn  food  is  trapped  in 
indigestible  tissues.  In  krill  and  Crustacea  ge- 
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nerally.  most  of  the  unobtainable  energy  is 
trapped  in  the  chitinous  integuments.  Accord- 
ing to  the  informalion  on  energy  content  and 
annposttion  of  the  krill,  at  least  5  %  of  wet 

weignt  or  20  of  dry  weight  of  krill  is  in  an 
unutilizabic  tonn,  so  that  about  80  %  efTicien- 
cy  of  aii^iimilaiion  is  unlikely  to  be  greatly  ex- 
ceeded. 

The  growth  efficiencies  calculated  in 
Tables  22  and  23  show  that  gross  efTiciency  is 
about  5  %  and  nci  efficiency  only  slightly  hig- 
her. These  values  are  far  less  than  those  cal- 
culated for  suckling  calves,  yet  referring  to 
Table  2 1 ,  they  are  of  the  order  of  magnitude  to 
be  expected  for  anbnals  of  this  age. 

In  Figs.  46  and  47  schematic  representa- 
tions of  the  energy  budgets  for  pubertal  blue 
and  fin  whales  are  shown,  based  on  the  calcu- 
lations given  ui  Tables  22  and  23.  It  is  clear 
that  for  blue  whales  of  both  sexes,  supple- 
mentar\  feeding  would  not  appear  to  be  es- 
sential, provided  that  the  fat  stored  for  the 


ANTARCTIC  .^.Migration.. 
SUMMER 


.LOW  UTITUDES 
WINTER 


ANTARCTIC...Migratlon^l0W  LATITUDES 
SUMMER  WINTER 

FIN  ^ 


Mataboll 


1.03  «W 


emporary 
fol  (lor*  . 
>0.76  bW* 


Growth. 


fol  ttoro 

>0  82x10' 


MeiabolistT 
0  47  «  10* 


Mataboliim 
a4SlilD* 


fM  9 


Mataboliim 


1 


Mstoboliim 


MotoboKun 

^  0  87"  >0» 


I  Ui.  AT.      l.iici^}  puiliwav  in  juvenile  liii  svhalfv 


Food  conjun 
3.00  ■  10* 


Growth  . 
0.18  ■10' 


Temporary 
tat  tt^r* 
2  (M  kK)* 

Metobolum  ^^^^ 
0  .68  »  W' 


Food  consumed 
3  60  "lO* 


Gfowlb 
0.24  RIO* 


i 


HUE  9 


Mataboliim 


MotaboKtm 

0  82  « 10* 


tai  ttora.  I 


Fo^d  coniun 
0.61  1 10" 


Malobolitm 
1.31  alO* 


0.74  kM^ 


M(i.  46.   -  tuiergy  pathway  in  Juvenik  blue  whalers. 


winter  season  attains  the  levels  shown.  Howe- 
ver, the  fat  depot  in  fin  whales  appears  too 
small  to  meet  the  energy  requirements  en- 
countered during  winter,  even  when  supple- 
mented by  occasional  winter  feeding.  As 
pointed  out  earlier  in  the  sub  section  on  sea- 
sonal variation  in  body  weight,  the  time  span 
of  the  fm  whale  weight  data  was  insufllcient  to 
give  a  true  indication  of  the  octent  of  fattening 
during  the  summer,  so  that  one  can  reasonably 
predict  that,  in  fact,  the  50  %  increase  m  body 
weight  observed  in  blue  whales  while  on  the 
Antarctic  feeduig  grounds  is  also  true  for  fin 
whales,  because  tuuess  this  was  so,  they  would 
starve. 


ENtRGY  BUDGF.T  FOR  YOUNG 
ADULT  BLUE  AND  FIN  WHALF.S 

Any  whale  which  has  attained  sexual 
maturity  and  can  reproduce  can  be  classified 
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as  adult.  The  adult  population  however  com- 
prises all  whales  at  stages  between  sexual  and 
physical  maturities,  and  those  which  have 
reached  physical  maturity  and  are  no  longer 
capable  of  further  developmental  growth. 
Laws  (1961)  estimated  that  physical  maturity 
is  generally  complete  after  14  or  15  ovulations 
in  female  fm  whales,  representing  a  probably 
mean  age  at  physical  maturity  of  25-30  years, 
when  all  the  vertebral  epiphyses  arc  fused.  In 
the  examples  studied  here,  growth  eUlciencies 
and  «iergy  tnidgels  will  be  calculated  for  blue 
and  fin  whales  adults  of  age  15  years.  Referr- 
ing to  Figs.  7,  8,  11  and  12.  the  mean  lengths 
and  weights  of  blue  whales  at  age  15  years  are 
81ft  (24.3  m)  and  97  000  kg  for  males 
and  85  ft  (25  5  m)  and  1 14  000  for  females 
Forfmwhalcs.themcanlengthsand  weights  are 
67.5  ft  (20.2  m)  and  51  500  kg  for  males  and 
72  ft  (21.6  m)  and  62  000  kg  for  females. 

Growth 

The  developmental  growth  increments 
for  blue  and  fin  whales  of  both  sexes  in  the 
period  14  to  15  years  can  be  ascertained  ftom 
rigs.  11  and  12.  They  are  given  in  Tables  24 
and  25  where  the  calorific  value  of  the  inCTC- 
menls  is  calculated  in  the  usual  way. 

The  temporary  fat  depots  have  been  de- 
tCTmined  from  Figs.  26  and  27  fur  the  correct 
sizes  of  whales  and  the  calorific  values  are 
calculated  in  Tables  24  and  25. 

Metabolic  Energy  Expenditure 

The  metaboUc  rates  can  be  determined 

from  Table  17  for  the  same  periods  of  time  as 
discussed  for  juvenile  whales.  The  calculations 
are  shown  in  Tables  24  and  25. 

Calorific  Vabie  of  Food  Consun^ion 

The  energy  of  food  consumed  by  adult 
blue  and  fin  whales  has  been  calculated  in  a 


similar  manner  to  that  for  juveniles,  and  is 
shown  in  Tables  24  and  25. 

Energy  Budget  and  Growth  EJjiciencies 

Energy  inputs  and  outputs  are  given  in 
Tables  24  and  25.  Assimilation  effidendes 

approach  SO'?,  and  therefore  do  not  appear 
greativ  different  from  the  values  calculated  for 
pubertal  whales.  The  energy  budget  pathways 
for  blue  and  fin  whales  are  illustrated  in  Figs. 
48  and  49  \s  observed  for  pubertal  whales 
above,  the  energy  input  (feeding  m  wmter  and 
tal  depot)  required  to  cover  the  metabolic 
energy  expenditure  in  low  latitudes  and 
throughout  migration,  is  insufficient  for  fin 
whales.  This  finding  again  reinforces  the  ar- 

tument  that  a  body  weight  uicrease  of  close  lo 
0  %  in  the  Antarctic  would  be  essential  for  the 
survival  of  fin  whales;  it  would  also  provide  a 
margin  of  safety  in  the  possible  event  of  en- 
forced fasting,  during  winter  because  of  poor 
food  availability.  Weight  increases  may  exceed 
50  %  bod\  weight,  as  for  example  in  hump- 
backs (Appendix,  Table  1). 

The  growth  efficiencies  in  young  adult 
whales,  shown  in  Tables  24  and  25,  drop  to 
levels  of  about  1  %  or  less.  Referring  to  Table 
21,  this  observation  is  to  be  expected.  In  Table 
26,  the  mean  calculated  growth  effidendes  for 
blue  and  fin  whales  are  given  at  the  suckling, 
pubertal  and  young  adult  stages  of  develop- 
ment. The  ratio  of  metabolic  energy  expendit- 
ure to  developmental  growth  energy  is  also 
given  in  Tabte  26,  and  gives  an  indication  of 
the  relative  energy  cost  of  production  per 
individual  animal  throughout  its  life.  The  me- 
tabolic ener^  dissipated  can  be  consid- 
ered as  lost  to  the  system.  It  is  clear  that  as  the 
whale  grows  larger  and  approaches  physical 
maturity,  the  relative  cost  of  production,  com- 
pared witii  calves,  increases  enormously.  This 
is  parllv  off-set  in  the  sexualh  mature  whale 
when  reproduction  is  possible,  but  even  then, 
the  young  adult  would  appear  to  be  more  ef- 
fident  in  production  than  the  ftoUy  physicatty 
mature  adult 
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TaMeM.  Ymri^ 

SEX 

Item 

male  female 


Energy  inputi 
mod  con; 


(I) 


oomumed  in  Anurctk  at  35  g/kg  body 
weight/day 

calorific  value  of  food  consumed  at  1 000 
kcal/kg 

total  calorics  consumed  during  120  days'  feed- 
ing in  AoUllCtic 


(2)  possible  reduced  rate  of  food  con>umplioii  in 
k>w  latiludes  at  3.S  g/kg  weight/day 
caluffiB  value  of  food  oonnuned  at  1000 
kcal/kg 

total  calories  consumed  duria§  245  dgyt*  feed- 

int:  in  lovs  !;i(itiiilcs 
Total  .innual  caloric  intake 


97,000x0^5 -3400  kg/day 

3  4x]0*kcal/day 

120X  3.4X  10»-  44KI X  lO*  kcal 

97  000  X  00035 -  340  kg/day 

3>4xlOikcal/day 

245 X 3-4 X  105  =  0.83  X  l(Vlvi..I 
(4.08  +  0.83JX  10«-4.9lxl(/kcal 


1 14  0O0xaO3S  -4  000  kg/day 
4X>xlO*kcal/day 
120X4.0X  t0»-4.80x  IV  kcal 

1 14  000  X  a0035  -  400  kg/day 
4.0xlO<kca]/day 

245  X  4.0  X  10'  =  0.98  X  10"  kcal 
(4.80  +  0.98)  X  10«  -  5.78  X  10«  kcal 


Energy  utilization  and  output: 

(1)  (otal growth  increment DCtween  I4aml  15 yean 

(see  Figure  1 1) 
blabber  ucight  gain  as  27  %  total  growth  incre- 
ment 

calorific  value  of  hluhher  oil  and  visceral  fats  at 

9  450  kcal/kj! 
meat  \<.ci!:ht  j;am  .is      '«  total  growth  incre- 
ment 

calorific  value  of  meat  at  I  300  kcal/ kg 
Total  calories  of  growth  between  14  and  15  yean 

(2)  daily  metabolic  energy  expenditure  at  low  ac- 

tivity (resting  rate,  see  Table  17) 
230  days  in  low  latitudes  at  this  metabolic  rate 

I?fli1.us  in  Anl.irvtic  at  this  mclabdiic  rale 
dail\  ^lcIah<^llc  cnorji\  expenditure  at  hij^h  ae- 

tivilv  (aetive  rate,  see  I  able  17) 
15  days  (t)r  inne  cquivaleni)  or  continuou.s 
migration  a(  this  metabolic  rale 
Tola]  minimum  expected  metabolic  energy  cxpcnd- 


(3)  tem^oraiy  eaeigy  storage  in  year  (see  F%ure 

calorific  ennlent  uf  fat  storage  at  7  560  kcal/kg 
(maxiniun)  tai  eoiiicni  ul  liMue  asiiumcii 
80^) 

Total  energy  storage  m  year 

Total  eneigy  utilization  (neglecting  (3)): 


1 000  kg 
270  kg 

270x  94SO-2.SXlO»kcal 

390  x'l  500  -  0.6  X  10*  kcal 
(2.S+a«)X  10t-0.03x  IO»kGal 

7.SxlOSkcal/day 

7^x  10^X230-  1.79X  10*  kcal 

7^X  lOSx  t20-0.94x  10*  kcal 

6  5xlO*kGal/day 

65xlO*X  15-0.98  X10»  kcal 

(I.79  +  0.94  +  0.98)X10»- 
3.7 IX  Id*  kcal 

.37000  kg 

37  m)  X  7  5W1  =  2.79X  10*  kcal 
2.79  X  10»  kcal 

(0.03 +3.7  l)X  IQ*-3.74X  10*  kcal 


1300  kg 
405  kg 

405  X9  450-  3.8XI0»  kcal 

585 

585x1  500-0.9x10*  kcal 
(3J  •l-0.9>X  I0»-a05  X 10*  kcal 

9.20xl0Skcal/day 

9.2X  10*X230-2.12X  10*  kcal 

9.2  X 10*  X 120-  I.10X  10*  kcal 

7.7xlO*kcal/day 

7.7XI0*X  15 -L  MX  10*  kcal 

(2.12+  1.10+  I.I6)XI0*- 
4J8XIO*kcal 

42000  kg 

42  (M)  X  7  5«0«3.I7X  10*  kcal 
3.17x10*  kcal 

(0.0S+4J8)X  l(l*-4^x  10*  kcal 


BHtrgy  not  utilized: 
input  -  output  -  faeces 

(4.91  -3.74>X  10*- 1.17  X  10*  kcal 

(5.78  -4.43)X  10*- 1 J3  X 10^  kcal 

OuMi  nowtb  cflkkn^ 
Assiffliution  efficiency 
Net  growth  eflkieBgr 

Oj6« 
769 
0.8  S 

0l8« 
77% 
Ll% 
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TtkU  75.  Yearly 


Item 


omIc 


SEX 


female 


Eneip>  itymt: 

(1)  food  oonsumed  in  Anlaretk  tt  3S  ^kg  body 

weight/day 

calorific  value  of  food  oooMffled  at  1000 

kcal/kg 

total  caloncs  consumed  during  120  days'  feed- 
ing in  Aniarctk 

(2)  possible  reduced  rate  of  food  consumption  in 

low  latitudes  at  3.S  kg  body  weight/day 
calohfic  value  of  food  ooowmed  at  1000 
kcal/kg 

total  calorics  a^nsimu-d  dufiog  24S  days*  feed- 
ing in  low  latitudes 
Total  annual  calorie  intake 


SI  500xaoa5<-l8nOkg/da> 

I.8xl0«  kcal/day 
I20xl.8xl0»=2.l7xl0*kcal 

51 500x(MX»S- 180  kg/day 

I.8X10S  kcal/day 

245  X  1.8  X  105 -0.44  X  |o»  kcal 
(2.I7+0.44)X  l()«=2.61  X  l()«  kcal 


62  000x0.035  -  2  170  kg/day 

2.2  X  KX-  kcal  djv 

I20X2.2X  I0»  =  2.64X  10« kcal 

«2  000  xa0035-  2l7  kg/day 

2.2x10*  kcal/day 

245  X  2.2  X  10'  =  0.54  x  I0»  kcal 
(2.64  +  0.54)X  |()»=.V|KX  HH*  kcal 


tncr^V  utilizaiuin  and  ouipui: 

(1)  total  growth  increment  Mtween  Mand  15 years 

(see  Figure  12) 
'  blubber  weight  gain  as  24%  total  growth  incre- 
ment 

calociiie  value  of  Unbber  oil  and  visceral  fets  at 
9  450  kcal/kg 

meal  weight  gain  as  45  %  total  growth  incre- 
ment 

calorific  value  nt  nicai  at  I  500  kcal/kg 
Total  caliirii's  ofurowih  bi-tween  14  und  15  years 

(2)  dully  metabolic  energy  expenditure  at  low  ac- 

tivity (resting  rate,  see  Table  17) 
230  days  in  low  latitudes  at  this  metabolic  rate 
120  days  in  Antaiclic  al  Ibis  melaboBc  nte 
daily  metabolic  energy  expenditure  at  high  ac- 
tivity (active  rate,  see  Table  17) 
IS  days  (or  time  equivalent)  of  iX)nlinuout 
mixtion  at  this  metabolic  rate 
Total  mimmuro  expected  metabolic  energy  expend- 
iture 


7(X)  kg 

l«X  9450*  1.6X10»  kcal 

315  ko 

315X1  500=0.5x10*  kcal 
(l;6+aS)X  IO«-(Mnx  lO^kcal 

4.2X  lO'kcal/dav 

4.2X  10:x230-  6.97x  10*  kcal 

4.2X  10*  X  120-0.51  XI0>  kcal 

3.8X10*  kcal/day 

3.8 X  10^ X  I5  =  0.57x  I0«  kcal 

(0.97+0.51 +0.57)xlO«= 
lOSXlOVkcal 


(3)  temponuy  eoasy  storage  in  year  (see  Figure 

27)  llSOOkg 
calorific  content  of  fet  storage  at  7  560  kcal/kg 
(maximum  fei  content  of  tiaaae  assumed 

80  %)  1 1  500  X  7  560  =  (}.87  x  1 0*  kcal 

Total  energy  stv  r.iLic  in  vc.ir  0.87  X  10*  kcal 

Total  energy  utihzauon  (neglecting (3))  (0.02  +  2.05)x  IO*»2.07x  10*  kcal 


I  (XK)  kg 
240  kg 

240x  9  450-2.3x10*  kcal 

45fl 

450X1  500  =  0.7  X  10*  kcal 
(2.3-«-0.7)x  IO*-<MI3x  10*  kcal 

4.9 X  iaUcal/da\ 

4.9 x  105x230=  1.13  x  I0«  kcal 

4.9X  Itfix  120-0.59X  10*  kcal 

4.6x10*  kcal/day 

4.6 X  W  x  |s  =  ii  (.4x  \iy  kcal 

(l.l3  +  0.59  +  0.69>x  10»= 
141X10*  kcal 

130Q0kg 

13  000  X  7  560  =  0  98  x  10*'  kcal 
0.98  X  10*  kcal 

(0.03   2.4 1 )  X  10*  -  2.44  X  10«  kcal 


Elurgy  not  utitutd: 

input  -  output  •  faeces  (2.61 -2X>7)x  10>-0.54x]0»  kcal  (3.18-2.4«)xl0*-a74xl0>kcal 


Ofoss  grow  th  cITicicncy  0.7  f  0.9  * 

Aaaunilation  efliciency  79  %  77  ft 

Net  growth  el!lcienqr  1.0  ft  12% 
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ANTARaiC..-Migrotion^..LOW  LATITUDES 


SUMMER 


0-03  »10» 


WINTER 

ac3  «I0* 


MataboliM 


Malobolitm 


T«niporary 
•ot  itore  . 


i 


h  ataboliMi 
1.7V  bM^ 


Food  ceniuniMl 
4.80  » 10* 


Growth 

0  03»IC'' 


Temporary 
foi  Dor* 
3  17«10» 
Matoboliim  I 
1.10  KIO* 


i 


Mefobolism 
2.12  » 10' 


Fig.  46,  -  Energy  pathway  in  aduil  path  whales. 

ANTARCTIC.-_Migitition._JjOW  LATITUDES 
SUMMER  WINTER 


Food  eontumod 

2  17  »  10* 


Food  consumad 


0.44 


OlO3iil0F 

Twnporafy 

fcttt  -*  — 
iw  mra 

»o.a7  »io^ 


Molobolitm 


Malabo)  lim 


i 


Metaboliin*. 
0.?7»10' 


2M  «10* 


Growth 

ao3»io 


PIN  9 


CMM^ 


a«»aia^ 


i 


Flo.  49.  -  Enqigy  pathway  in 


fin  whales. 


TMe  2€.  Mean  growth  efficiencies  and  ratios  of  metabolic 
energy  expeaditnre  to  growth  coctfy  in  blue  ani  fin 


Quantity 
measured 

Suckling 
calves 

Pubertal 
juveniles 

Physically 
immature 
adults 

Gross  jgrowtb 
efBoencv 

Net crowln 
efitaency 

30 
33 

46 
5.7 

0.8 

1.0 

Metabote  mergy 

Growth  energy 

2.1 

16.4 

9».5 

Enrrgy  requirements  of  pregnant 
and  lactating  whales 

In  Table  27  the  energy  budgets  for  q  2 
year  breeding  cycle  are  calculated  for  an  86  ft 
(25.8  m)  female  blue  weighing  1 18  000  kg,  and 
a  73  ft  (21.9111)  femak  fin  whale  weighing 
64  500  kg.  To  simplify  calculations,  the  whales 
are  assumed  to  be  physically  mature  and  the 
data  are  taken  from  Figs.  7,  8,  11  and  12. 

The  energy  budget  lifted  in  Table  27  is 
mostK'  self-explanatorv.  However,  there  are 
.some  points  which  require  clanllcation.  In  the 
predicted  energy  budget  the  female  commen- 
ces the  pregnancy  during  early  July  (winter)  in 
low  latitudes,  and  the  gestation,  lasting  11 
months,  continues  through  one  summer  sea- 
son in  the  Antarctic  and  part  of  the  following 
season  in  low  latitudes  when  die  calf  is  bom 
durinc  June.  The  female  then  nurses  the  calf 
for  7  miMiths  here  until  the  next  summer  sea- 
son in  the  Antarctic  when  the  calf  is  weaned. 
The  female  then  possibly  entns  a  resting 
phase,  completing  the  2  year  cycle 

In  Table  27  the  dilTerent  stages  of  the 
cyde  in  the  first  and  second  years  nave  been 
treated  separately.  In  the  second  year,  allow- 
ances have  been  added  to  the  female  body 
weight  to  correlate  with  the  increased  weight, 
due  to  growth  of  the  foetus.  For  this  reason  the 
foetal  growth  (Fig.  1)  has  been  considered  in  3 
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TriMe  27. 


Iloii 


Blue 


Fin 


Ene>xv  inpui:  —  ><<;r  / 
Feeding  in  prcHX>nccpiion  phase 

(I)  fixid  oonstuned  in  Aouuclic  at  35  g/kg  body 
weight/day 

caUtrinc  v.ilue  of  food  ooQSumed  at  1000 

iu(al  caiu  rics  consumed  during  llOdayi  feeding 

in  Antarctic 

Feeding  in  pre-  and  pott-coneeplkMi  phase 

{2)  possible  reduced  rate  of  Tood  consumption  in 
low  laliludesat  3.5  g/kg  body  weight/ day 
caloriric  value  of  food  omsiimed  at  1 000 

kcal/kg 

total  calorics  consumed  during  245  days'  feed- 
ing in  low  latitudes 
Total  annual  caloiie  intake 


118O0OxaO35-4  130  kg/day 

4.I3X  lO'kcal/dav 

120  X  4. 13  X  10»-4.96xl0«  kcal 


1 18  000xa003S-4l3  kg/day 

4.13  X  105  kcalAlay 

245  X  4. 13  X  10»  -  1.01  X  10"  kcal 
(4.96+  K01)X  lO'-S.STX  10*  kcal 


64  SOOx  0.035-  2  25S  kg/day 

2.26  X  10*  kcal/day 
I20X2.26X  IO*-2.7l  X  10*  kcal 


64  500  x  0.0035  -  226  kg/ day 
2.26x10*  kcal/day 

245  X  2.26  X 10*  -  0.55  X  1 0«  kcal 
(2.71-»-0.55)x  10*-3J6x  10*  kcal 


Energy  input:  —  Year  2 
Feeding  during  pregnancy 

(1)  food  conMimcd  in  Anlarciic  at  35  g/kg  body 

weight/day 

calorific  value  of  food  consumed  at  I  (KX) 
kcal/kg 

loul  calories  consumed  during  120  days'  feed- 
ing in  Antaidic 
Feeding  during  pregnanqr  and  lactation 

(2)  possible  reduced  rale  of  food  consumption  in 

low  latitudes  at  3.5  g/kg  body  weight/ day 
calorific  value  of  fbod  oonnifflca  at  1 000 

kcal/kg 

total  calorics  consumed  during  245  days'  feed- 
ing in  low  latitudes 
Total  annual  calorie  intake 
Cdorte  liuakethn»ig^oiit2jieartnedbtgcj/^: 


119a»xa035-4 170  kg/day 
4.17x10*  kcal/day 
120X4.I7X  tO*-5.00x  W  kcal 

1 20  500  X  0.0035  -  420  kg/day 
4.20 X  10*  kcal/day 

245X4J0X 10*-  1.03X  10*  kcal 
(SXIO-I-  1J(B)X  IQ>-  6j(»  X  IQi  k«al 
(5.97-1- &09)X  10*-  12.00X  10*  kcal 


65  300xa035  -2  286  kg/day 
2.28x10*  kcal/day 
120X2.28X  I0*-2.74X  10*  kcal 

W)  300  X  0.0035  -  232  kg/day 

2.32 X  10''  kcal/day 

245  X 2.32  X 10*  -  0.57  X 100  kcal 
(2.74-l'a57)X  10P-3J1X  IQPkcal 
(3.26-l-3JI)X  10^-637x  10*  kcal 


Energy  utilization  and  output: 


(1)  growth  increment,  estimated  rri>m  Table  26  as 

<  I     uross  t'ruwih  elTicieticv 


12.00X10«X10  2  =  0.i2x  10«kcal      6.57xlO»xlO    =  0.U7 x  10» kcal 


(2)  daily  melabolu  energy  expenditure  at  low  ac- 
tivity (resting  rate,  see  Table  17) 
230  days  in  low  latitudes  at  this  metabolic  niie 
120  days  in  Antarctic  at  this  metabolic  rate 
daily  metabolic  eaeqy  expewiinife  at  high  ac- 
tivity (active  rale,  see  Table  17) 

15  da',  s  f>  r  time  equivalent)  of  continuoiis 
nugration  at  this  mctaboUc  rale 
Total  annual  energy  expendilnre 
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9.6  X  lOHcal/day 

9.6  X 10*  x  230  -  2.21  X 10*  kcal 

9.6X  IO*X  120-  1.15X  10>  kcal 

8.08x10*  kcal/day 

X  OSx  HK  x  15=  1.21  X  I0«  kcal 
(2  21  +  1  I5+I.2I)XI0*- 
4.37  X  10>kcal 


5.1 1  X  lO"*  kcal/dav 

5.1 1 X  10*  X  230- 1.1 7  X  10*  kcal 

5.1 1 X  10*x  120-0.61  X 10*  kcal 

4.81  XI0>  kcal/day 

4  81  X  lO'x  15  =  0.72x  I0»  kcal 
( I  17+0.61  +0.72)XI0*- 
2.50  x  IO»kcal 
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Talk  27.   Enemy  budiM  ovtr  2  ycm  tor  Mf  m 

(concluded) 

ilnee  Cnude  fetac  aai  lia  nhaka,  cm 

ptriag  aaffcie  pngnaw!)'  and  tactatioa 

lion 

Blve 

FiD 

Minimum  energy  expenditure  in  2  years 

4.57XI0»X2«9.14X  10«kcal 

2.50xlO»x2  =  5.00x  I0«kcal 

(3)  temporary  energy  storage  2  years  (sec  Figures 

26  and  27) 

calorific  content  offal  storage  at  7  560  kcal/kg 
(maximum  fat  content  of  tissue  asi>umcd 

Ml';  1 

Total  cnerf^v  siaruge  in  2  years 

(4)  energy  of  foetal  growth  (from  Figure  1) 
July  io  December 

December  to  April 
April  lo  June 
Total  growifa 

calories  of  growth  at  1  SOO  kcal/kg 

(45  000  +  56  250)  kg 
Kstuig  -1-  pregnaot 

101  250x7  S60-7.(SxlO»kcal 

100  kg 

1  050  kg 
1480  kg 
2«30kg 

2  630X 1  S00-O.04X  10*  fccal 

(16  000  +  20  000)  kg 
icsttng  +  pregnant 

36  000x7  S60-2.72X  10*  kcal 

70  kg 
710  kg 
1020  kg 
1800  kg 

i800xl500-0.03xlOPkeai 

(5)  eneri:\  of  l.ici.ition 

quantity/dav  lor  210  days 

at  a  calorific  content  of  4  137  kcal/kg 
Toial  energy  uiUizalion  (neglecting  (3)) 

90kg/dav 

Wx  210x4  l3"  =  n7Hx  I0»  kcal 
(0.I2  +  9.14  +  0.O4  +  0.78JX  I0» 
*  10.08X10^  kcal 

72.3  kg/day 

72.3  X  210X  4  137  =  0.63  X  10»  kcal 
(0.07-1-3.00-1-0.03 -»-0.63)x  10> 
-173x10*  kcal 

Ener^v  not  utilized: 
input  -  output  =  faeces 

(I2.00-10.08)X  I0»-  1.92 X  !0«  kcal 

(6.57  -  5.73)  X  10»  -  0.84  X 10*  kcal 

Aniaulaiioa  effiden^ 

84« 

87  ft 

Stages  to  correspond  with  the  feeding  activities 
and  location  of  the  female,  and  to  permit  an 
estimation  of  the  approximate  weight  increase 
in  her  body. 

The  fat  stored  for  the  winter  by  the 

{)regnant  female  is  about  20-25  %  above  the 
evel  in  resting  females,  judging  from  the 
blubber  thickness  data  in  Figs.  22  and  23.  The 
amounts  of  fat  stored  are  taken  from  Figs.  26 
and  27,  with  25%  added  for  the  pregnant 
phase. 

bi  the  estimates  of  energy  cost  of  preg- 
nancy, the  metabolic  rate  of  the  foetus  has  not 

been  eonsidered  in  Table  27.  However,  calcu- 
lation ol  a  metabolic  rale  for  a  foetus  of  mean 
we^t  1  000-1  SOO  kg  throughout  pregnancy, 
using  the  formula  fO.SW'^-'  shown  above, 
gives  a  value  of  1.34X  10'  kcal/day.  Throug- 
hout a  gestation  time  ol  33U-335  days  this  re- 
presents about  4.4  X 10*  kcaL  This  is  about 


equal  to  the  actual  energy  cost  of  the  foetal 
growth.  Howe\er.  because  the  metabolic 
energy  expenditure  of  the  tocius  is  chictly 
on  growth  and  development,  the  basal  meta- 
bolic rale  just  calculated  has  limited  meaning. 
The  value  is  probably  sufficiently  low  not  to 
affect  the  basic  calculations  in  Tabic  27,  but 
should  be  kept  in  mind  as  anoAer  dnin  oo  the 
female's  energy  budget  whidi  is  illustrated  in 
Fig.  50. 

The  fat  stored  appears  to  be  about  ba- 
lanced by  tfie  erorgy  utuization  and  output  in 

the  female  blue  whale.  This  indicates  that  the 
summer  increa.sc  in  body  weight  during  preg- 
nancy probably  amounts  to  at  least  60-65  % 
after  taldng  into  consideration  the  additional 
25  %  over  the  usual  50  %  observed  for  resting 
females.  Lactation  obviously  drains  the  energy 
reserves  very  greatly  and  because  the  input 
and  output  are  not  perfectly  balanced  in  blue  469 
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Fig.  30.  -  Eneigy  pathway  for  blue  and  Ha  whales  in  pregnancy  and  laciaiion. 


and  fin  whales,  it  is  clear  why  the  blubber  of 
lactating  females  shown  in  Rgs.  17  and  19  is 

lean  and  emaciated  compared  with  that  of 
other  females.  The  fin  females  can  also  be 
considered  to  accumulate  an  extra  60-63  % 
body  weight  increase  during  pregnanc7.  The 
calculations  in  Table  27  1  v  that  the  esti- 
mated weight  increases  from  Fig.  27  are  totally 
inadequate,  as  anticipated  from  the  incom- 
pleteiiess  of  the  original  data  in  Fig.  23  over 
the  summer  period. 

From  Fig.  50,  it  is  clear  that  food  con- 
sumption in  the  Antarctic  summer  during  the 
second  year  mmt  be  far  higher  than  estimated, 
because  the  calculated  calorie  intake  is  too  low 
to  cover  the  fat  storage,  growth  and  metabol- 
ism. The  obvious  solution,  for  which  there  is 
some  evidence  given  by  Dawbin  (1966)  on 
apparent  length  of  stay  in  the  Antarctic  by 
pregnant  females,  is  that  the  pregnant  whales 
actually  remain  on  the  feeding  grounds  for 
kmger  than  120  days.  By  so  doing,  they  would 
be  able  to  accomulate  greater  fat  reserves.  If 


fat  is  deposited  at  a  regular  rate  throughout  the 
feeding  season,  then  the  pregnant  female 
would  probably  need  to  feed  for  an  extra 

month  making  a  total  stay  in  the  Antarctic  of 
3  months,  m  order  to  accumulate  the  extra 
10-lS  %. 


Summary  and  Conclusion 


Growth  and  C£VEiX)FMENT 
Foetd  Growth 

Published  material  on  growth  in  length 
with  time  for  balaenoptchd  foetuses  is  reviewed, 
and  growth  in  wd^t  with  time  is  discussed  by 
reference  to  weight  at  length  relationships.  The 
growth  fonnulaljk>n  of  Huggptt  and  Widdas 
(1951) 

W"»«a(t-H^, 
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(where  W  =  body  weight  in  grammes,  a  = 
growth  velodly  constant,  tg  =  time  constant  in 
days  siiice  conception  prior  to  the  linear  growth 
phase.  1  =  time  in  days  since  conception)  is 
found  to  describe  foetal  growth  well,  after  the  5th 
month  of  the  11  to  12  months  penod  of  gestation. 
The  values  of  a  fbund  for  bhie  and  sei  whales  are 
0,52.  0.47  and  0.35  respectively,  and  agree  closely 
with  estimates  given  by  Frazer  and  Huggett 
(1974). 


Post-Naud  Growth 

Published  data  on  body  dimensions  rela- 
tive to  overall  body  length  for  blue,  fui,  sei  and 
huinpback  whales  are  compared.  It  is  noted  that 
in  all  qiedes  the  anterior  end  of  the  body  appears 
to  increase  dlMjroportionately  in  size  rcl.iiive  to 
the  rest  of  the  body.  Conversely,  the  tail  region  is 
rdativefy  smaller  in  adults  than  young  whales. 

Growth  curves  of  length  at  age  and  weight 
at  age  are  predicted  for  blue,  fin  and  sei  whales. 
Age  has  been  delermuied  from  layers  in  ear  plugs 
and  ovarian  corpora  numbeis,  and  by  reference 
to  published  woik  on  growth  and  age  using  ba- 
leen plates.  It  is  assumed,  after  consideration  of 
published  evidence,  that  one  ear  plug  growth 
layer  represents  me  yeafs  growth  and  one  cor- 
pus forms  approximately  ever\'  1.4  years.  The 
ages  at  sexual  maturity  in  blue,  fin  and  sei  whales 
are  taken  to  be  5,  6  and  8  years  respectively  for 
the  various  localities  within  die  Southern  Hemi- 
spherc  di.scusscd.  The  mean  lengths  at  age  from 
the  whale  catches  are  used  to  prolict  growth 
curves,  and  it  is  noted  that  in  the  early  years 
between  birth  and  year  2.  there  is  considerable 
hiri<:  owing  to  the  minimum  lengths  set  for  the 
whaling  operations,  resulting  in  higher  mean 
lengths  than  true.  Hie  von  Beitalanfiy  (1938) 
growth  eqiialion 

L,=  L„(l-e 

(where  L .  =  mean  length  al  physical  maturity  in 
metres,  t  =  age  in  years,  L,  =  length  in  metres  at 
age  t,  to  =  time  constant,  k  —  growth  velocity 


ctMistant).  Ls  fitted  to  the  curves  for  blue,  fin  and 
SCI  whales  as  follows: 


bhiemale: 

25.0(1 

blue  female: 

L, 

26.2(1 

fin  male: 

U 

21.0(1 

fin  leniale: 

L. 

22.25  ( 

sd  male: 

u 

14.8(1 

sei  female: 

u 

153(1 

These  formulae  describe  the  observed  curves 
quite  well  except  in  the  early  years 

Data  on  length  and  apparent  growth 
parameters  for  fin  whales  in  6  diiTerent  Antarctic 
areas  are  cx>mpared,  and  the  mean  maximum 
sizes  attained,  si/e  at  sexual  maturity  and  growth 
rates  are  found  to  vaiv  with  the  locality. 

Weight  at  lengm  data  for  these  species  and 
also  for  humpback  whales  are  reviewed,  and 
adjustments  are  made  to  allow  for  an  assumed 
blood  and  fiuid  loss  of  6  %  during  tlensing  prior 
to  piecemeal  weighing. 

Weight  at  age  curves  for  blue,  fin  and  sei 
whales  are  constructed  from  a  cross-reference 
between  lengtli  at  age  data  and  wei^l  al  length 
data.  It  is  apparent  that  both  sexes  m  these  qie- 
cics  have  attained  at  least  70*?  of  tlie  mature 
weight  at  sexual  maturity.  The  modification  of 
the  von  Bertalantly  fonniila  by  Laws  and  Parker 
(1968)  to  predict  weight  at  age  is  found  to  de- 
scribe the  estimated  cun  es  of  growth  in  weight 
well  The  values  for  the  tbrmuia 

W,  -  W„(l  - 

(where  W  =  body  weight  in  tonnes  at  ph\sical 
niatunty,  W,  =  body  weight  in  tonnes  at  age  I) 
are  as  follows: 

blue  male:      W, «  l(tt  (1  -  e^««'**«y 

blue  female:     W,  =  1 17  (1  -  471 
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fin  male:  W.  =  55  (1  -  c  '^-^ 

fin  female:  W.  =  64.5  (1  -  e  "^^-^ 

sd  mate:  W,  -  18  (1  -  c^"***"^ 

sei  female:  W,  -  19.5  (1  -  e-*^*"«y. 

The  von  BertalanfTy  type  formula  was  orig- 
inally used  for  describing  growth  in  fish,  and  the 
reason  this  formulation  also  seems  applicable  to 
whales  may  be  due  to  the  simply  shape  of  the 
ktter. 

Migration 

Published  data  on  whale  mark  returns  are 
reviewed.  The  conclusions  are  that  balaenq^terid 
whales  of  both  sexes  tend  to  migrate  seasonally, 
moving  southwards  in  summer  and  northwards 
in  winter,  and  can  migrate  between  latitudes  65"S 
and  22^  within  only  a  few  months  or  less. 
Whales  tend  to  fcmam  within  tfie  same  longitu- 
dinal sector. 

Analyses  of  whale  abundance  throughout 
the  %iialing  seasons  in  summer  and  winler  lend 
to  dnow  that  whales  reach  peak  densities  in  the 
Antarctic  in  December  to  February  and  in  km 
latitudes  around  June  to  August. 

There  appeals  to  be  an  ordered  succession 
of  species  in  the  Antarctic,  blue  preceding  fin, 
which  are  followed  by  sei.  In  recent  years  there 
has  been  evidence  that  the  sei  whale,  perhaps  for 
reasons  of  oceanographk  changes  in  sea  tempe- 
rature and  HimmiWinn  of  Other  balaenopterid 
spedes.  is  arriving  earlier  in  the  Antarctic  than  it 
was  observed  to  do  in  the  1 930's. 

Immature  vrfiaies  appear  to  readi  peak 
abundandes  later  than  the  mature  ones,  sug- 
gesting a  hierarchical  order  of  migration  such  as 
observed  m  humpback  whales  (Dawbin,  1966). 

Hie  seasonal  ocoumnce  of  diatom  fouling 

by  Cocconeis  ccticula  Nelson,  of  the  skin  of 
whales  remaining  for  more  than  1  month  in  the 
Antarctic  in  summer,  shows  that  from  the  steady 
increase  in  infbctkm  rate  until  a  slaUe  tevd  is 
readied,  die  average  stay  of  n^uiks  in  die  Ant- 


arctic is  about  120  days.  The  pattern  of  infection 
indicates  that  peak  arrivals  in  the  Antarctic  occur 
in  December  and  January.  The  appearance  of 
diatom-infected  juveniles  off  South  Afika  in 
August  indicates  a  definite  link  between  the  2 
localities,  oonfkming  seasonal  migratk>n. 


Srvsonai  variation  in 

BLUBBER  THICKNESS 

Weights  of  blue,  fin  and  humpbadc  whales 
are  analysed  for  the  summer  months  in  the  Ant- 
arctic between  November  and  April.  The  data 
presented  for  the  blue  ^»4iate  ooveis  the  greatest 
time  span,  that  for  the  fin  whale  covering  only 
part  of  the  feeding  season.  Whilst  blue  and  fin 
weights  are  from  direct  weighings,  those  for 
humpbacks  are  estimates  from  cooker  fillings 
and  are  for  a  very  short  time  span.  No  data  are 
available  on  body  weight  during  w  inter 

All  wdght  data  are  standardized  m  order  to 
compare  difrerent  sizes  of  animals  at  different 
times.  For  humpbacks,  the  body  weight/ body 
length  ratio  is  used,  for  blue  and  fin,  the  body 
we^t/bone  weight  ratio.  Mean  ratios  with  time 
show  a  tendency  for  wdght  increase,  suggesting  a 
doubling  of  body  weight  in  humpbacks  through* 
out  the  Antarctic  feeding  season.  Trends  are 
clarified  in  blue  and  fin  whales  by  recognizing 
^e  fiict  diat  migration  into  and  out  of  the  Ant- 
aictic  is  oontiniioii^  so  that  lean  and  fattening 
whales  are  present  together  on  the  grounds  for 
most  of  the  season,  llie  lean  and  fattening  ani- 
mals are  klentified  by  the  use  of  arithmetical 
probability  paper  (Harding,  1949).  The  predicted 
fattening  throughout  the  season  for  blue  whales 
is  about  50  %  ol  body  weight,  and  about  30  %  for 
fin  whales.  The  fin  data  cover  a  lesser  period  dian 
the  full  feeding  season,  and  the  actual  fattening 
in  fin  is  probably  similar  to  that  in  blue  whales. 
These  estimates  of  fattening  are  m  harmony  with 
diose  demonstrated  for  North  Padiic  gray 
whales,  and  appear  reasonable  from  compari- 
sons witli  the  e.xtent  of  fattenin<j  in  hibemators, 
and  weight  losses  anticipated  Uunng  starvation  in 
various  mammals. 

The  distribution  of  we^t  increases 
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throughout  the  body  are  calculated  in  the  same 
way  as  for  body  weight/ bone  weight  increases. 
Results  show  that  the  greatest  overdU  increases  in 
the  body  oocnr  in  me  muscnlature,  dien  the 
blubber,  followed  by  the  viscera.  This  is  chiefly 
because  there  is  relatively  more  muscle  than 
blubber,  which  in  turn  exceeds  the  weight  of  the 
visceral  organs.  An  analysis  of  oil  yidd  with  time 
during  the  Antarctic  whaline  season  shows  that 
this  exceeds  expectations  from  blubber  alone. 

The  possibility  of  oil  aocumulatioo  in  bone 
during  the  season  is  discussed,  but  is  considered 
not  to  affect  bone  weight  greatty  because  of  the 
internal  replacement  of  water. 


Food  and  feeding 
Food  Type 

The  types  of  fbod  taken  in  diffeient  locali- 

lies  are  reviewed,  the  conclusion  being  that 
feeding  is  generally  opportunistic  and  that 
swarming  planktonic  Crustacea  arc  preferred.  In 
the  true  pdar  watecs  Etq^unaki  superba  is  the 
chief  fbod  type  for  balaenoplerid  whaks. 

Jnddence  of  Fe&Ung 

Feeding  in  the  summer  months  in  the  An- 
tarctic reaches  an  incidence  level  of  about  85  % 

for  animals  examined  in  the  catches.  During 
winlcr  in  low  latitudes,  the  incidence  level  of  food 
in  the  stomachs  falls  to  about  50  %  or  less,  and 
only  20%  in  adults. 

QuanHties  and  Rates  of  Feeing 

A  review  of  data  on  quantities  of  food  in 
the  stomachs  of  balaenopterid  whales  taken  both 
in  the  Antarctic  and  in  low  latitudes  results  in  the 
oonchiaon  that  in  the  former  kxality  food  intake 
averages  30-40  g/kg  body  weight/day,  whereas 
in  the  latter,  food  consumed  is  only  about  a  tenth 


of  this  quantity.  If  the  whale  feeds  for  120  days  at 
the  rate  of  30-40  g/kg  hodv  weight /day  and  at 
the  lesser  rate  for  tlic  rest  ol  tlic  year.  3.5-3  times 
the  body  weight  is  consumed  in  a  year,  and  an 
average  of  12  g/kg  body  weight/day  is  eaten  over 
the  year. 

EvideiKe  for  a  diurnal  rhythm  of  fbedin|| 
controlled  by  vertical  migration  of  the  prey  is 

discussed,  together  with  information  on  digestion 
rates.  Food  passage  probably  takes  14-15  hours. 

Method  of  Feeding 

Tlie  balaenopterid  wiiaks,  except  sei,  are 
dassifkd  as  swallowers  and  the  sei  whale  as  a 
ddmmer  and  swallower,  accxirding  to  the  de- 
scription ot  Nemolo  ( 1959).  The  dimensions  of  the 
mouth  and  its  component  parts  in  diese  species 
are  wmpared.  TTic  baleen  plates  seem  to  he 
shorter  and  narrower  in  the  largest  species  when 
compared  with  the  equivalent  size  of  anmial  of 
the  smaller  spedes.  The  size  range  of  krill  re- 
tained  bv  the  baleen  of  all  9pca/si  seems  to  be 
20-65  mm 

The  humpback  appears  to  have  the  widest 
jaws  of  all  the  Balaenopteridae,  the  sei  die  nar- 
row est  The  blue,  minke  and  fin  whales  have  verv' 
similar  |aw  shapes.  The  volume  of  the  mouth 
when  feeding  is  calculated  from  scale  projections 
of  photographs  of  the  minke  whale  head,  and 
extrapolated  to  predict  mouth  volumes  for  larger 
blue  and  fm  whales.  Calculations  show  that  when 
feeding  in  waters  where  production  is  2  l^m'  in 
a  band  1.22  m  (4  ft)  thick,  the  mouth  volume 
filtered  repeatedK  for  a  few  hours  is  sufficient  to 
provide  adequate  nourishment  1  he  bulk  in  kiill 
swarms  also  increases  die  efficiency  of  food  ie> 
tention  bv  clogging  the  baleen  filters  I  lowever.  it 
is  clear  liiat  annual  migration  lo  the  productive 
waicn>  ot  the  Antaicuc  ls  essential  for  survival. 

Energy  Content  of  Krill 

Euphausia  superba  consists  of  about  78  % 
water,  5  %  ash  and  chitin,  4  •?  crude  fat  and  13  ^ 
crude  protein.  From  a  review  of  pubhshed  data  473 
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and  simple  calcul:iti(>n,  the  calorific  value  of  wet 
whole  kiill  is  approximately  1 000  kcal/kg. 

Metabolism 

Viscera!  Organ  Waghts  Related  to  Botfy 
Weight 

The  heart  and  kidney  weights  of  Cetacea 
appear  to  follow  the  usual  nJationship  with  body 

weight  found  for  other  mammals,  The  heart  and 
kidneys  <ire  closelv  asstxiatcd  wiUi  metabolism, 
so  that  basal  mciabulic  rate,  Q,  might  also  be 
eamected  to  follow  tlw  idatioiidiip  observed  for 
omermaininais,. 

Q  -  70.5W"^  kcai/day 
wheve  W  is  body  weight  in  kilogramines. 

Lung  Weight  and  O^adly 

Hie  avera^  lung  we^t  and  lung  capacity 
of  wiiales  are  \  %  and  2.5-2.8  %  of  body  weight 
respectively.  The  vital  capacity  of  Cetacea  is 
estimated  to  he  a  n  op.  high  proportion  of  total 
capacity,  resultmg  Irom  the  great  elasticity  of  the 
lung  tissue  ^tAadti  readily  collapses  on  deflatkm. 

Extenud  Body  Su^ice  Area 

3  methods  of  calculating  surface  area.  A, 
are  discussed .  The  2  most  promising  methods  are 
byPany(1949): 

A  -  ll.l  X  W", 

(W  is  body  weight  in  grammes,  A  m  square  cen- 
timetres) and  iSody  (1968): 

A  =  1 000  X  W^. 

(W  is  body  weight  in  kilogrammes,  A  in  square 
474   oentimc^ttesX  both  of  which  give  predictioiis  dose 


to  actual  observations.  A  third  method  bvGuId- 
berg  (1907)  assumes  that  the  body  of  the  whale 
roughly  conforms  to  2  cones  placed  end  to  end. 
The  result  is  clearty  too  low  and  is  appnnd- 
mateK  equivalent  to  2  thirds  of  the  areas 
calculated  by  the  other  2  methods. 

Heart  Rate 

Resting  heart  rate  in  whales  appears  to  be  , 
as  expected  from  comparisons  with  other  mam-  I 

mals.  but  there  is  a  possibility  that  bradycardia 
may  cxxur  during  diving  as  observed  in  small 
marme  manmials. 

Respiratory  Physiology 

The  blood  weight  which  is  almost  equiva- 
lent to  blood  volume,  in  adult  baleen  whales  Ls 
assumed  to  be  about  10  %  of  body  weight.  The 
oxygen  capacity  of  the  blood  appears  variable 
from  published  data,  perhaps  mainly  because  o( 
differences  in  the  fitness  of  the  animals  examin- 
ed, but  generally  falls  in  the  rai^e  20-30  %.  The 
OT^gexi  capacity  of  the  muscle  in  Celaoea  appeais 
highest  in  the  deep  diving  toothed  whales. 

During  dives  the  Respirator\  Quotient 
(R.Q.)  appears  to  fall  to  U.7U-U.75,  whilst  on  re- 
coveiy,  tfie  R.Q.  is  about  1.00.  An  average  R.Q. 
including  diving  and  recovery  periods  is  about 
0.82.  The  heat  equivalent  of  1  litre  of  oxygen  at 
this  R.Q.  is  4.825  kcal  The  utilization  of  the 
inspired  air  is  assumed  to  be  about  10  %  torn 
evidenoe  c^published  data. 

Re^rimtmy  Rhythm  and  Diving 

Data  on  blowing  rates  and  diving  times  for 
uiJlerent  whale  species  are  considered.  In  gener- 
al blowing  rale  increases  with  activity  and  smal- 
ler whales  hlcnv  more  frequently  than  larger  ones. 
Whilst  the  spenn  and  bottlenose  whales  seem  to 
dive  to  depths  down  to  1  000  m  or  more,  rorquals 
do  not  appear  to  dive  deeper  than  300m  ac- 
cording to  pubhshed  information. 
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DknifK  Activity  Pattern 

Infomiution  on  sleep  in  captive  and  wild 
Cetacca  is  reviewed.  Patterns  of  sleeping  and  ac- 
tivity appear  tmdear,  although  apparent  deep  is 
characterized  by  a  marked  fall  in  the  respiratory 
rate  and  the  adoption  of  certain  postures  in  the 
water.  Well-lcd  Cetacea  appear  to  be  slow  and 
rdaxed  in  didr  environineiit  in  spite  ofintnision 
by  ships,  whereas  unfed,  hungry  individuals  are 
alert  and  shy  of  contact  with  ships.  This  suggests 
that  sleep  could  possibly  occur  alter  feeding,  so 
that  like  time  of  feeding,  the  sleeping  peiuid  is 
detennuied  be  die  diurnal  riiydim,  if  any,  <tf  the 
prey. 

Metabolic  Rate 

The  resting  metabolic  rate  in  blue.  fin. 
sperm  and  botllenose  whales  has  been  calculated 
using  observed  estimates  of  lung  volume  and 
assuming  that  R  .Q  is  0.82,  utilization  of  inspired 
air  is  10  ^  and  respiratory  rhythms  are  as  ob- 
served. The  predicted  values  thus  calculated  for 
large  C  etaoea  are  in  agreement  with  expectations 
f  rom  ihc  exuapolationof  data  for  small  Cetacea 
and  Pmnipedia. 

The  active  metaboKc  rate,  representing 
energy  expenditure  at  top  cruising  speeds,  is  cal- 
culated on  the  assumption  that  0.01  hp/lh 
( 1.64  X  l(jr  ei^/kg)  operative  musculature  is  de- 
veloped when  swimming  at  such  speeds.  The 
basis  for  such  an  assumption  was  fu^t  tested  by 
Ci^lculating  the  resistance  experienced  when 
swinunmg  at  different  speeds  with  70  %  laminar 
flow  around  the  cetacean  body.  The  efficiency  of 

energy  utili7-;ition  ua^  assumed  at  20%.  so  (h.it 

the  actual  energy  expended  to  overcome  the  cal- 
culated resistance  is  S  times  that  for  the  resistance 
alone.  Results  suggested  that  0.01  hp/lb musde  is 

a  valid  basis  on  which  to  estimate  active  meta- 
bolic rate  using  a  conversion  factor  1 
hp  =  lJ4j[10'kcal/lb/day. 

The  basal  metabolic  rate,  Q,  which  Ls  a 
theoretical  standard  hardly  ever  observed  in  day 
to  day  livuig,  except  perhaps  durmg  sleep  and 


starvation,  is  calculated  in  3  ways.  One  method  is 
to  use  the  formula 

Q  =  70.5W*'" 

where  W  is  body  weight  in  kilogrammes.  An- 
other is  to  assume  that  basal  rate  is  about  85  %  of 
resting  rale,  the  IS  %  above  basal  rale  bemg  for 
moNcmcnt  essential  to  normal  living.  The  third 
method  is  to  calculate  basal  rate  as  10  %  of  active 
rate.  These  3  methods  give  results  whldi  are  re- 
markably close  in  view  of  the  differences  in  their 
derivation.  The  meihcxi  using  the  formulation 
however  generally  appears  to  give  results  lower 
than  die  other  2. 


Energy  budgei 

The  heat  generated  within  the  whale  body 
appears  to  be  dissipated  to  (he  environment 
chielly  via  the  llukes,  tin  and  tlippers,  because 
heat  loss  via  the  body  blobber  only  accounts  for 
about  10  %  of  total  heal  loss.  Without  an  efficient 
means  of  getting  rid  of  body  heal,  overheating 
would  easily  be  incurred. 

Energy  budgets  are  estimated  for  blue  and 
fin  whales  at  different  stages  of  development. 
The  suckling  calf,  the  pubertal  juvenile,  young 
adult  and  fuUy  mature  pregnant  female  are  con- 
sidered. Growth  efTkiendes  (g^ots  and  net)  are 
found  to  fall  with  increase  in  age  and  dc\elop- 
ment,  from  levels  ol  about  30  %  in  the  unweaned 
calf  to  only  I  %  in  near  adults.  Assimilation  effi- 
cient^ would  appear  high,  around  80  %.  but  this 
is  estimated  by  indirect  methods  and  is  not  nec- 
essarily accurate  although  assiniilation  is  fre- 
quently as  high  in  odier  carnivores. 

Tlie  ratio  of  cncrtiy  expenditure  in  metab- 
olism to  energy  capture  in  terms  of  develop- 
mental growdi  is  found  to  increase  from  about 
2  :  1  to  nearly  1(X) :  1  between  birth  and  adult- 
htx»d.  indicating  thai  relative  production  effi- 
cient^ falls  off  dramatically  with  age. 

In  both  the  pubertal  and  aduh  whales,  the 
balanced  energy  budget  requires  that  an  increase 
in  bodv  weiuhl  of  at  least  50  %  in  the  form  of  fat 
tissue  needs  to  be  accumulated  dunng  summer  in  475 
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order  to  survive  the  winter  months.  This  supports 
the  findings  on  seasonal  body  weight  increase  in 
blue  whales  and  also  supports  the  observation 
that  the  time  span  of  the  wd^t  data  for  fin 
whales  is  insufUcient  to  give  the  true  extent  of 
fattening.  This  is  particularly  noticeable  for 
pregnant  females  which  it  is  concluded  must  at- 
tain an  increase  of  about  60^  %  body  weight  In 
order  to  achieve  this,  they  must  feed  for  longiBr 
periods  in  the  -Antarctic  relative  to  other  classes, 
and  observations  by  Dawbin  (1966)  on  hump- 
back whales  sugg^  that  in  fiict  piegnant  whales 


do  arrive  in  the  Antarctic  before  and  leave  after 
the  main  p<ipulation.  This  excessive  fattening  in 
pregnant  whales  relative  to  resting  ones  appears 
to  be  essential  in  order  to  survive  the  penod  of 
lactation  which  Ls  a  large  energy  drain  on  the 
female.  Ohservaiions  on  blubber  thickness  al- 
ready show  that  lacialing  females  are  exception- 
ally lean,  and  would  tend  to  corroborate  me  as- 
sumptions concerning  the  energy  expenditure  of 
lactation  For  these  reasons  the  energy  budget  for 
pregnant  females  is  only  meaningful  over  a  2 
year  cycle. 
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1.  IMy  weight,  tissue  weighto  iwloll  yleM  Ibr  Umc^  ffai  «■<  fc—pback  iHnlcs  takca  to  die  Aatoiclic  MOMMr  (by  day 

Md  month  of  catch) 


Body 

Blubber 

Meat 

Bone 

Viscera 

Oil 

Species 

Sex 

Date 

length 

weight 

weight 

weight 

weight 

weight 

yield 

Reference 

—  ^ 

(metres) 

(tonnes) 

(tonnes) 



(tonnes) 

  '  -  ■- 

(tonnes) 

-.,  „^ — .  

(tonnes) 

(tonnes) 

  ■ 

BalaenoBtera 

f 

7 

Nov 

1926 

27.2 

122.00 

25.65 

56.44 

22.28 

8.48 

27.71  ' 

Uuric  (1933) 

muteuau 

m 

24 

Dec 

1947 

25.0 

87.64 

27.90 

29.77 

15.38 

12.91 

22.65 

m 

26 

Dec 

1948 

24.7 

76.91 

19.92 

27.45 

16.69 

9.14 

20.10 

(Blue) 

f  1 

29 

Dec 

1947 

25J 

110.21 

35.87 

39.29 

17.16 

15.39 

30.40 

f  1 

30 

1 947 

25.3 

96.49 

22  62 

34  14 

19.91 

13  66 

24.20 

f 

J  lifi 

194^ 

24.1 

76.28 

18.44 

29.50 

14.45 

10.42 

19.34 

f  1 

7 

Jan 

194K 

25J 

94.23 

27.55 

37.01 

16  siK 

111  30 

25.55 

8 

Jan 

194K 

21.3 

56  71 

16  1  1 

22.9] 

IU.79 

5.55 

15.50 

f 

y 

J. in 

1948 

23.5 

7().(i(i 

16.71 

27.15 

13.61 

8.20 

14  70 

m 

11 

Jan 

1948 

24.7 

84.05 

24.81 

33.84 

15.01 

8.46 

24.35 

f 

12 

Jm 
j«n 

23Jt 

68.93 

22.69 

24.83 

11.98 

7.94 

17.45 

m 

14 

Jan 

IMS 

732 

63il6 

16.56 

25.88 

12.60 

6.17 

12.75 

m 

15 

Jan 

1948 

723 

56.48 

15.43 

22J8 

10.83 

6.07 

12.55 

m 

16 

Jan 

J  oil 

1948 

22.8 

68.97 

19.02 

28.33 

12.75 

7.37 

18.65 

m 

21 

Jan 

1948 

22.6 

77.42 

22.00 

34.93 

11  10 

7.74 

18.27 

f 

21 

1  m 

JUI 1 

1 94K 

23.2 

77.63 

20.68 

34.04 

1 1 .93 

9.49 

19.12 

f 

21 

1  in 
J  til  1 

l<j4K 

25.3 

93.50 

22.03 

31.61 

20.08 

12.68 

omitted 

m 

22 

Inn 

1948 

25J 

107.80 

27.89 

39.84 

19  61 

1 1 .57 

i.U.  i 

f 

27 

Jan 

1948 

272 

127.54 

32.36 

61.51 

17.54 

13.94 

26.85 

f 

2 

Feb 

1948 

22.6 

S5J3 

15.58 

22.67 

10.21 

5.64 

12.90 

f 

7 

rcu 

23.2 

77.43 

.19.70 

30.06 

13.30 

10.03 

17.10 

14 

I 

26.3 

108.62 

31.24 

46.41 

16.26 

12.60 

26.85 

m 

15 

It  n 

23.5 

9163 

28.70 

4K6I 

14.64 

lo!74 

25,85 

m 

20 

reb 

I94K 

22.8 

86.27 

22.66 

30.73 

16.73 

10.85 

18.72 

f 

20 

■  CD 

22.3 

62.33 

15.75 

25.50 

11.26 

7.03 

13.02 

f 

21 

ren 

23.5 

82.29 

20  33 

35.80 

13.67 

8.70 

16.98 

f 

!  ch 

26.  H 

1  13.75 

.1  i.:,s 

49.64 

17  .31 

1-3.  IK 

.30.3.^ 

f 

23 

Feb 

1948 

23.2 

84.28 

20.27 

33.96 

13.83 

9.95 

17.65 

m 

25 

Feb 

1948 

24.4 

85.35 

23.31 

36.47 

14J17 

8.71 

24.00 

2 

Mar 

1949 

25.0 

99.71 

27.20 

34.00 

16.24 

13.12 

26.95 

3 

Mar 

1948 

25.0 

94.96 

26.31 

33.52 

16.67 

12.82 

26.20 

m 

5 

Mar 

1948 

25.3 

99.33 

26.07 

35.89 

16.64 

11.82 

23.75 

7 

Mar 

1948 

24.7 

95.43 

25.53 

38.85 

15.80 

8.79 

26.85  J 

17 

Mar 

1947 

28.7 

140.00 

no 

d;ita 

32, (XI  • 

\  >.r..nin  1  l'>4S)  tn 

20 

Mar 

1947 

27.6 

190.00 

30.tX) 

66.1X) 

26.(X) 

no 

data  ' 

loiuiiin  (1967) 

BataetuMiera 

17 

Dec 

1948 

20,7 

49.39 

I3J4 

22.12 

8.01 

5.12 

7.01  ' 

physMus 

18 

Dec 

1948 

22.3 

57.13 

15.86 

24.29 

10.01 

6.17 

7.72 

m 

19 

Dec 

1948 

19.2 

40.39 

9.67 

19.67 

7.00 

3  53 

5.22 

(Fm) 

Dec 

1948 

18.6 

37.37 

8.27 

18.39 

5.91 

3.65 

6.38 

-Ni8hiwaki(1950) 

f  1 

28 

Dec 

1948 

21.7 

53.46 

11,32 

24.02 

9.51 

5.95 

30 

Dec 

1948 

22.3 

58.53 

!3  .^4 

28.37 

10.68 

5..36 

nil  data 

m 

30 

Dec 

1947 

19.5 

4(1  M) 

9 :7 

17.89 

7.90 

4  41 

9.27 

m 

30 

Dec 

1947 

20.4 

45.24 

10.34 

2a75 

8.94 

4.40 

9.75 

486 
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Appendix  Table  L  Bodyweight,  tissue  weights  and  oil  yield  for  blue,  fin  and  hunipback  whales  taken  in  the  Antarctk  summer  (b^ 
and  month  of  catch)  (concluded) 


DIUDDCi 

Donc 

... 

V  Lsccra 

Oil 

opecies 

1  An  nf  n 

w  tlE,iil 

wciE,ni 

wcigni 

yield 

Reference 

/  f  «~\n  n  J*  a:  \ 

\ioiincs^ 

tonnes; 

( lonncs  J 

(tonnes) 

Balaenoptera 

f 

Jan 

1948 

ZLJ 

51,67 

10,54 

25.36 

8.34 

ecu 

7.92 

physalus 

f ' 

Jan 

1949 

22ii 

58  22 

18  25 

25.42 

8  91 

LLM 

(cont'd) 

m 

Z 

Jan 

1948 

48.09 

1 1.09 

22.39 

8.79 

4  T  ^ 

8  01 

m 

& 

Jan 

1948 

2112 

4CL2J 

19.50 

6.27 

8.38 

m 

111 

Jan 

1949 

20.4 

AC  i.  t 

4^  ft  I 

10  46 

21  hi 

»  44) 

640 

f 

LI 

Jan 

1948 

22 .6 

64.26 

15.60 

m  An 

10.49 

ttT 

11  56 

f 

LI 

Jan 

1948 

uJ± 

13.78 

2i22 

1  1.42 

£.  T  1 

1112Q 

f 

M 

Jan 

1948 

22J 

69,54 

31,17 

lfL2Q 

7  98 

13  17 

f 

LZ 

Jan 

1948 

2L2 

60  72 

14  19 

29  09 

q«7 

6.40 

12.55 

m 

1  O 

Jan 

1  0.4  O 

15*48 

IOC 

1  n  CO 

1  O  1  I 

J.  /ft 

867 

m 

ZJ 

Jan 

ly4V 

zU.4 

AQ  "JA 

I  *>  ^  w 

1  /  lA 

'>'>  QT 

C  <^ 

JJl 

>    Nishiwalci  (1950) 

C 1 

2S 

Jan 

1948 

TIT 

?',68 

In. Mi 

TUT 

-3  pV 

12  58 

5 

reb 

194U 

21.7 

CO  c  t 

1  C    1  o 

TT  fiT 

2/.U2 

g.Vo 

o.Od 

11.28 

m 

Feb 

1948 

A'^  CO 

10,78 

T  OO 

4-34 

221 

f 

L2 

Feb 

1948 

20-7 

A'^  O  ^ 

47.37 

1003 

T  1    1  O 

2118 

n  /\T 
"J  i)7 

5_Ld 

2A& 

f 

25 

Feb 

1949 

23.2 

57,49 

13.32 

T  A  rtrt 

9.13 

3  91 

11  30 

f 

26 

Feb 

1949 

21  4 

6£L13 

li39 

26J2 

9.80 

121 

10.87 

f 

26 

Feb 

1949 

211 

53.09 

12,95 

25.24 

8.67 

no  data 

f 

2 

Mar 

1948 

2f )  7 

48  50 

9.97 

20  44 

9  23 

Ul 

L22 

f 

2 

Mar 

1948 

20.7 

49,70 

13  70 

26  65 

7  45 

5  89 

1005 

m 

li 

Mar 

1949 

19  9 

48  37 

10.70 

18  31 

8  03 

5  32 

M  23 

Megaplera 

2S 

Dec 

949 

L2il 



16  76 

novaean^liat 

29 

Dec 

1949 

12J 

21.64 

3Q 

Dec 

949 

LLfi 

19  30 

(Humpback) 

1 1 
ii 

Dec 

AS  1  t 

1 

Jan 

1950 

L2^ 

21.44 

2 

Jan 

1950 

OA 

23  88 

1 

Jan 

1950 

UA 

24  R9 

4 

Jan 

1950 

\Z1 

73  27 

5 

Jan 

1950 

12  9 

32  no 

> 

A.sh  (1953) 

I 

Feb 

1953 

LIS 

29.67 

2 

Feb 

1953 

12  K 

28  75 

3 

Feb 

1953 

L2:i 

29  26 

4 

Feb 

1953 

12J 

3089 

16 

Feb 

1953 

LLl 

34  54 

II 

Feb 

1953 

122 

28.96 

Feb 

1953 

HA 

28  14 

19 

Feb 

1953 

UJi 

3200 

'  Pre^juii  animaU 

2  Waghu  and  IcngUis  for  humpback  whalck  arc  averages  for  several  animaU  uikco  on  same  <U>  and  arc  olioiaidi  frum  cwuker  filliags. 
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ESTIMATES  OF  GROWTH  AND 

ENERGY  BUDGET  FOR  THE  SPERM  WHALE, 

PHYSETER  CATODON 


C  Lockyer 


This  paper  reviews  the  growih  parameters  and  factors  determining  the  energy  budget  of 
sperm  whales  {Physeier  catodon).  Gevianon  h.ts  Heen  estinKiied  to  lake  between  14.5  and  16.5 
months,  with  the  length  and  weight  ol  caivcs  averaging  405  cm  and  I  054  kg  at  birth.  I  hc  calf 
appears  to  suckle  for  up  to  2  years  before  being  weaned,  by  which  time  it  is  approximately  6.70 
m  in  length  .ind  wi-iuhv  abniii  ?  S(X)  kg.  The  mean  si/cs.  body  weights  and  ages  at  sexual  and 
physical  maturity  in  tlu-  icmale  are  8.70  ni,  6.35  t  and  9  years,  and  18.90  m,  13.50  ( and  at  least 
30yeais,  fcspectively.  The  male  undergoes  a  prolonged  process  of  maturation,  with  mean  nzes 
and  ages  during  the  main  periods  of  dcvx  !(ipmcnt  as  follows:  pubertv  9.65  m,  9.40  t  and  9  5 
years;  sexual  maturity  -  12.00  m,  18.00 1  and  19  years;  social  maturity  -  13.65  m,  27.40  t  and 
26  years:  and  physica]  maturity  -  15.85  m,  43.60 1  and  45  yeais.  The  best  estimate  of  the  body 
weight  (W)  and  length  (L)  it  W^,  =  0.0066481^  3. 18.  Estimates  of  the  metabolic  rate  an  also 
given. 

Sperati  whales  mostly  cat  squid.  The  rate  of  consumption  averages  about  3  %  of  body 

weight  in  the  40-50  t  bulls.  The  daily  activity  pattern  of  the  species  is  little-known  other  than 
observations  of  isolated  activities.  Increased  potential  diving  ability  in  terms  of  depth  and 
duration  oocora  with  growth  and  development. 

Calculation  of  the  sperm  whale's  energy  budget  shows  a  decrease  in  growth  efncienc^as 
the  animal  grows  older.  Correspondingly,  energy  becomes  mainly  directed  into  maintaining 
"equilibrium"  rather  than  into  new  growth  as  the  whale  matures.  The  extra  energy  required 
fiir  pregnancy  becomes  significant  from  about  the  sixth  month  onward,  demanding  an  in- 
crease of  fcx)d  intake  o\'  1(»  '\  :ind  5  for  newly  mature  and  fullv  adult  females,  respectively. 
Lactation,  involving  a  calculated  daily  production  of  about  20  kg  of  milk  (3  840  kcal/kg), 
requires  more  significant  increases  of  63  and  32  %  respectively.  The  consequent  increased 

daily  fccdinj.".  rate  of  nursing  females,  together  with  the  presence  of  thi-  i-  ilf  m;iv  pi'rh:ip^  h.'  ,i 

contributing  factor  in  the  sexual  segregation  of  sperm  whales  and  the  diilcrcncc  in  diving 
bdiaviottr  between  the  sexes. 


L'auteur  etudie  les  paramelrcs  de  croissancc  et  les  factcurs  determinant  les  parametres 
^nergeliques  des  cachalots,  Physeier  catodon.  On  a  estime  que  la  gestation  dure  de  14  mois  et 
demi  k  16  mois  et  demi  la  longueur  et  le  poids  k  la  naissanoe  itant  en  moyenne  de  405  cm  et 

1  054  kg.  II  semble  que  le  jeune  tt^tc  jusqu'a  deux  ans  avant  d'Stre  sevrd.  A  ce  moment.  11 
mesure  environ  6,70  m  et  pesc  prcs  de  2  800  kg.  Chez  la  femclle,  la  taille,  le  poids  et  I'age  a  la  489 


Copyrighted  iTiaterial 


C.  LCXTKYER 


maturity  sexuelle  sont  cn  moycnnc  cic  8.70  m.  6,35  I  et  9  ans:  a  la  maturiie  phvsiquc,  ils  sont  dc 
18,9  m,  13,5 1  et  au  moins  30  ans.  La  maturation  du  m&le  est  plus  lente;  ses  laillc  ct  age  moycns 
aux  princtpaux  stades  du  diveloppement  sont  les  suivants:  puberti  -  9.65  m,  9,4 1  et  9  ans  et 
demi:  maturity  sexuelle  -  12  m.  IS  <  ct  19  ans:  niaturito  socialc  1.1.65  ni.  27.4  t  ct  26  ans; 
maturity  physique  -  15,85  m,  43,6  i  ci  45  ans.  La  mcillcurc  csiimation  du  rapport  entre  le 
poidscorporel  (W)  ct  la  longueur  (L)  est  W,„  =  0,006648  L(„„3,18.  L'auteardonneaussi  des 
etiiinations  du  taux  m^tabolique. 

L'aliment  principal  du  cachalot  est  le  calmar.  Le  taux  deoonsommation  avoisine  3  %  du 
poids  airporel  chez  les  animaux  pcsani  jusqu'i  15 1;  il  augmente  chez  les  sujets  de  plui  grande 
taille  et  peui  presque  atteindre  3,5  %  chez  les  nUUesde 40-50  L  On  est  peu  rcnseign^  sur  le  ^pe 
d'activit^  quolidienne  de  l'esp<h.T.  i  part  I'obscrvation  d*activit6s  isolces.  Aveclacioissanceet 
le  developpemcnt,  i'animal  plongc  plus  profood  et  plus  longtemps. 

Lecalcul  du  bilan  energetique  du  cachalot  montre  un  flechissement  de  TaptUttde  i  la 
croissance  avcL  l  at-c  Do  mcriiL-  a  inesurc  que  la  maturite  avance.  rcncri:ie  est  surtoiit 
consacr^e  au  niainlicn  d  un  cquiiibre  plutdt  qu'a  la  croissance.  L'^nergic  supplcmcntairc 
requise  pour  la  gestation  devient  importante  k  partir  du  stxitaie  mois:  la  ration  alimentaire 
doit  augniLTiicr  dc  10%  chez  la  femclle  qui  vient  d'attcindre  la  maturity  et  de  ^  ^'  chez  le 
femelle  completement  adulte.  La  lactation  -  on  a  calculi  que  la  production  quiXidicnne  est 
d'envtron  20  kg  de  bdt  (3  840  kcal/kg)  -  exige  un  aocrotssement  encore  plus  important,  de 
63  %  et  32  %  respectivement.  La  suractivi'e  :iliment;iirc  provoquc^e  che/  la  IVmcllc  qui  allaite. 
joinle  ^  la  presence  du  jeune,  contnbiic  pcut-etre  a  la  seiiregation  sexuelle  des  cachalots  vl 
pourrait  exphquer  la  diffiEtaioe  de  comportement  en  plongcc  eatre  les  sexes. 

Exlmcto 

Se  examtnan  los  parftmetros  de  credmiento  y  los  fiictores  que  detenninan  el  consumo  de 

energia  del  cachaK)tc,  Phv.u'ter  cinodmi  Se  ha  calculado  que  la  gestacion  dura  dc  14.5  a  16,5 
meses,  y  que  en  el  momento  del  nacimienlo  las  crias  tienen  una  longilud  media  de  405  cm  y  un 
peso  de  1 054  kg.  Las  crias  maman  hasta  los  dos  alios,  y  en  el  momento  del  destete  tienen 
aproxiniadamente  6,70  m  de  longitud  y  pcsan  unos  2  800  kg.  La  talla  media,  peso  corporal 
y  edad  de  madurez  sexual  y  fisica  de  las  hembras  son,  respectivamente,  8,70  m,  6,35  t, 
noeve  alios  y  1 8,90  m,  1 3,50 1  y  al  menos  unos  30  alios.  El  macho  atraviesa  un  perfodo  prolon* 
gado  de  maduraci6n,  a^n  las  siguicntcs  tallas  y  edades  medias  en  las  principales  fases  de 
desarrollo:  pubertad  -  9,65  m,  9,40  t.  9,5  aiios;  maduiez  sexual  -  12,00  m.  18,00  t.  19  afios; 
madurez  social  -  13,65  m,  27.40 1,  26  aflos:  y  madurez  fisica  -  15,85  m,  43,60  t,  unos  45  aflos. 
La  mejor  csiimacion  dc  la  relaci6n  peso  corporal  (W)/talla  (L)  en  P.  catodon  es 
(W)ju  =  0,006648  L,„)3,18.  .Se  dan  lambi^n  estimaciones  del  indicc  mctaholico. 

El  principal  alimento  dc  P.  catodon  son  los  calamares.  El  indice  de  consumo  dc  aii- 
meatoses por tc-rmiiK>inediode3porciento del  pesocorpoffBl,e&losaaimalcs dc  hasta  I5t, 
yaumenta  cn  los  de  mavor  talla,  acercdndusc  a!  15  ponicntodel  peso  corporal  cn  los  nin  hos 
de  <W-50  t.  ILs  poco  lo  que  se  .sabe  sobre  la  aciividad  diaria  de  P.  catodon,  aparte  dc  aiguiias 
observaciones  de  actividades  aisiadas;  con  el  credmiento,  el  animal  adquiere  mayor  capad- 
dadde  inmcrMon  tanto  en  profundidad  comn  cn  duracion. 

Se  ha  caiculado  el  consumo  de  energia  de  P.  catodon  en  divcrsas  tases  de  dcsarrollo.y  los 
resullados  revelan  una  dismiaacidn  de  la  efidenda  del  credmiento  a  medida  que  el  animal 
aumenta  cn  edad  F.n  consecnencfa,  a  medida  que  el  animal  madiira  la  proporci6n  de  energia 
consumida  sc  oricnla  principalmente  a  mantener  el  equilibno  m^  que  al  credmiento.  La 
energia  adicional  que  es  neoesaria  durante  b  gestaddn  cs  Importante  a  partir  dd  sexto  mes:  en 
las  hembras  que  acahan  de  Ilcgar  a  la  madurc/  sc  prt^duce  un  aumcnto  de  la  ingesta  de 
alimentos  del  10  por  cicnto,  y  del  5  por  ciento  cn  las  hembras  plenamente  adultas.  La 
lac(ad6ii,  que  requieie  una  produodto  diaria  de  leciie  de  unos  20  kg  (3  840  kcal/kg),  baoe 
490    necesarios  aumentos  mis  impottantes,  dd  63  y  d  32  por  denio,  respectivamente.  El  aumento 
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del  fudke  diario  de  alunenUMa6n  de  las  bembra*  g estantes  determinado  por  esa  donanda  de 

nu(rici6n.  unido  a  la  prescncia  de  la  cria  piiede  tal  vez  confrihuir  a  la  scnrcnacitin  sexual  de  P. 
caiodony  a  la  diferencia  de  compurtamicniu  cnirc  anibo!>  ^cxus  cn  lo  relaiivo  a  inmersi6n. 


CLaekwur 

British  Antarctic  Survey^  Madangley  Rd.,  Canduidge  CB3  OET»  England 


Grawlh 


Post-natal  growth 


Foetal  growth 

Recent  estimates  of  foetal  growth 
parameters  and  gestation  times  for  sperm 
whales  are  shown  in  Table  1.  All  the  estimates 
of  gestation  time,  t^  arc  between  141^  and  1614 
months,  regardless  of  geographical  location. 

The  growth  parameters  arc  those  defm- 
ed  by  Huggett  and  Widdas  (1951)  in  the  for- 
mula 


a,(t  -  g, 


where  w  is  body  weight  in  g,  a,  is  the  specific 
growth  velocity  constant  in  g/day,  t  is  time  in 
days  since  conception,  and  t«  is  the  time  period 
in  days  from  conception  to  the  intercept  of  the 
linear  growth  phase  with  the  time  axis.  Be- 
cause W  a  \  \  where  1.  is  body  length,  the  ori- 
ginal Huggett  and  Widdas  formula  has  more 
often  been  used  with  the  tenns 

L-aUt-tg), 

where  at  is  the  specific  growth  velocity  con- 
stant in  cm /day. 

In  Fig.  1,  a  growth  curve  of  weight 
increase  with  time  has  been  constructed  from 
foetal  data  of  GambeU  (1972).  The  majority  of 
conceptions  are  estimated  to  occur  during 
December  by  Best  (1968)  and  Gambell  (1972) 
off  South  Africa,  and  birth  generally  occurs 
during  Febraaiy  or  March. 


The  Calf 

The  sperm  whale  calf  is  approximately 
405  cm  in  length,  and  is  estimated  to  weigh 
about  I  tonne  at  birth.  The  animal  h  suckled 
by  the  mother  for  upward  of  a  year.  Best 
(1974).  in  his  review  of  published  data  and 
from  his  own  examination  of  young  calves 
captured  under  special  permit,  and  an  analysis 
of  the  proportion  of  pregnant,  resting  and  lac- 
tating  females  in  the  catch  has  evidence  that 
lactation  may  continue  for  up  to  2  years. 
GambeU  (1972)  also  presents  evidence  for  a 
2-year  lactation  period  from  an  analysis  of  the 
rate  of  regression  of  the  diameter  of  the  corpus 
albicans  derived  from  the  preceding  pre^an- 
cy.  The  calf  would  thus  be  weaned  dunng  or 
toward  the  end  of  its  second  year  of  life. 

The  calf  is  about  6  m  in  length  at  1  year, 
and  about  6.7  m  when  weaned  during  the  sec- 
ond year  (Best,  1974;  Clarke,  1956). 

Age  in  sperm  whales  is  estimated  from 
the  dentinal  growth  layers  produced  in  the 
teeth  (International  Whaling  Commission. 
1969).  These  layers  form  continuously  through- 
out life  and  in  the  mandibular  teeth,  the  pulp 
cavity  of  which  remains  open  to  a  considerable 
age,  they  consiiiuie  an  airnosi  complete  record 
or  the  total  age  cS  the  animal 

In  newborn  and  foetal  sperm  whales,  the 
neonatal  layer  is  present  at  the  crown  of  the 
tooth  (Nishiwaki,  Hibiya  and  Ohsumi,  1958), 
and  is  similar  to  the  subsequent  dentinal 
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Flo.  ).  -  Calculated  growth  in  weight  with  lime  for  sperm 
whale  foetuses. 


growth  layers.  The  neonatal  line  frequently 
becomes  worn  away  with  age  in  erupted  teeth. 
There  is  still  some  doubt  over  the  fonnation 
rate  of  the  post-natal  growth  layers,  but  the 
general  consensus  of  opinion  (International 
Whaling  Commiiision,  1969)  is  that  1  layer  rep- 
resents 1  year's  growth,  at  least  after  weaning 
(Ohsumi,  1965:  Best,  1970;  Gambell.  1972). 
although  Bcrzin  (1^72)  regards  the  fonnation 
of  2  layers  per  year  as  possible. 

At  the  end  of  the  first  year,  the  catf  prob- 
ably has  1  growth  layer  present  plus  the  neo- 
natal line  above  it  After  weaning  and  b)  the 
end  of  the  second  year,  2  growth  layers  will 
have  formed  bdow  the  neonatal  line.  The 
predicted  mean  growth  in  suckling  calves  is 
included  m  Fig.  2. 

The  predicted  birth  weight  for  a  405-cm 
animal  is  1 050  kg  from  examination  of  foetus- 
es (see  Fig.  1)  by  GambeU  (1972),  although 
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Fici.  2.  I.siini.iiod  nujti  KiJv  Icn^lh  jl  ai;c  in  iJic 
post-natal  growth  phase  ul  ^perni  whales.  Ihcsc  curves  are 
most  applicable  lo  spam  whales  off  South  Africa,  west  side. 


Best  (1968)  gives  a  weight  of  about  780  kg.  It  is 
not  possible  to  say  how  much  the  whale  weighs 

after  1  year  of  growth  hec.iuse  of  the  lack  of 
published  dat;i.  If  weanine  occurs  at  the  end  of 
tlic  second  year  and  average  body  length  is 
then  670  can  (see  Fig.  2%  the  eqvivateiit  body 
weight  using  the  wei^t/length  formula  of 
Lockyer  (1976)  illustrated  in  Fig  3.  is  about 
2  8(X)  kg.  The  estimated  mean  growth  in 
weight  of  the  calf  with  time  is  shown  in  Fig.  4. 

The  Post-weaning  Phau 

The  main  Uyod  items  oonsumed  when 
the  young  whale  begins  to  take  solid  food  are 
squid  (see  Berzin,  1972;  Clarke,  1956;  Tomilin, 
1946).  The  growth  of  the  sperm  whale  is  not 
well  documented  in  the  pre-pubertal  phase, 
chiefly  because  of  the  minimum  size  limits 
imposed  by  the  International  Whaling  Com- 
mission (1950, 19S2, 1974).  The  minimum  size 
imposed  has  varied  between  10.9  and  11.6  m, 
according  to  conservation  requirements.  The 
estimates  of  pre-pubertal  growth  rates  are  thus 
speculative.  The  sizes  and  ages  of  qperm  wha- 


les at  sexual  maturity  are  well  documented 
however  Best  (1974)  has  reviewed  the  avail- 
able published  data  on  age  at  sexual  maturity 
in  females.  Generally,  there  is  good  agreement 
here.  The  information  on  males  is  not  so  clear, 
perhaps  because  of  the  prolonged  process  of 
maturation.  This  has  been  reviewed  and  des- 
cribed in  3  different  phases  by  Best  (1974): 

(i)  puberty,  when  the  testis  of  50  %  of  males 
have  immature  centres,  corresponding 
to  the  onset  of  spermatogenic  activity; 

(ii)  sexual  maturity,  when  50  %  of  males  are 
immature  and  50  %  are  maturing  or 
mature  at  the  periphery  of  the  testis, 
corresponding  to  the  movement  of  males 
into  high  htitudes  for  the  first  time; 

(iii)  social  maturity,  when  50  %  of  males  are 
immature  and  50  %  mature  at  the  peri- 
phery of  the  testis  (maturing  animals  not 
mcluded).  probably  corresponding  to 
the  attainment  of  harem  bull  status,  and 
the  acceleration  of  testis  growth. 

The  recent  published  information  on 

maturity  in  sperm  whales  is  set  out  in  Table  2. 
Fig.  2  shows  the  growth  m  bodv  length  with 
age  and  mdicates  the  mean  ages  at  the  diifer- 
ent  stages  of  sexual  maturity. 

The  growth  in  weight  with  age  can  be 
calculated  from  a  cross-referencing  of  body 
length  at  age  and  weight  at  body  length.  The 
weight/length  relationship  in  sperm  whales  in 
shown  in  Fig.  3.  based  on  the  fluid-loss  cor- 
rected formula  from  Lockyer  (1976).  The  pre- 
dicted growth  in  weight  with  age  is  shown  in 
Fig.  4.  There  are  2  curves  shown  for  the  male, 
one  being  that  based  on  the  weight/length  re- 
lationship in  North  Pacific  sperm  whales  in 
Fig.  3,  and  the  other  based  on  a  weight/length 
relationship  formulated  from  the  actual 
weighings  of  3  whole  whales  at  Durban,  South 
Alrica  (Lockyer,  1976).  This  latter  is  shown  for 
information  only,  and  to  indicate  that  methods 
of  weighing,  geographical  location  and  other  493 
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Table  2.    A  summary  of  body  length,  age  and  maturity  in  iipenn  whales 


Oceanic 
location 


Developnu-nial  sLiv.c  -  body  Icn^ih  in  iiuircs  anJ  a!:c  iti  dcntidaJ 
growih  layen  (ratio  1:1)  in  adjacent  parenlhesc& 


puberty 


sexual  maturiiy 

3  i 


sodaJ 
maturity 

S 


physical  matuiily 
S  i 


Author 


Indian 

(east  side) 
N.  PaciTic 
S.  Atbmtic 

(east  side) 
S.  Padfk 

(west  side) 

Indian 

(west  side) 
N.  Pacific 

(west  side) 


N.  Padric 
(west  side) 

N.  Pacific 
(east  side) 

N.  Pacific 
(east  side) 


8,7(11) 
9.5(10) 

9.5(9-10)  12.0(19) 


9.7 


93(9) 


11.3 

11.9(18) 


<  103(7-8) 

9.2  11.0 


8.K(  12-13) 

8.3(7) 
8.5(9) 

8.5 

8.8(7) 
9.0(9) 


9.0(9.2) 

8.8(8) 

9.2(9) 


16.0 


10.5 


B.innister  ( l%9) 


15.9(46-50)   11.0(34)       Ber/.in  (1972) 
13.7(25-27)  15.5(35-45)  10.7(28-29)  Best  (1970. 1974) 


13.7(26) 


14.3(22) 


Clarke.  Auuavo  and 
Pali/a  ('l%4) 

I.V2(4()-t-)     ll  ()(45-t-)     Cumbell  (1972) 


15.9(45)  11.0(45) 


Nisliiwaki.  Hihiva 
and  Ol-Miim  (1958): 
Nishiwaki,  Obsumi 
and  Maeda  (19(3) 

Ohsumi  (1965) 

Pike  (1966) 

Rice  and  Wolman 
(1970) 


factors  mav  influence  ihc  final  computed 
growth  curve.  1  he  body  weight  at  physical  ma- 
turity by  these  two  predictions  is  very  diffe- 
rent, and  the  body  weight  of  physically  mature 
males  of  length  15.85  m  may  reach  53 
tonnes. 

The  important  developmental  stages  are 

indicated  on  the  curve.  At  physical  maturity 
the  male  weighs  nearly  4  times  as  much  as  the 
female.  The  point  where  body  weights  of  the 
male  and  female  really  begin  to  diverge  is  at 
about  age  9-10  growth  lavcrs.  \{  this  age  the 
female  is  sexually  mature  and  the  growth  rate 
begins  to  fall  off  as  expected  from  analogy 
with  other  mammals  (Brody,  1968).  The  male 
is  at  puberty  here,  and  perhaps  because  the 
process  of  sexual  maturation  is  very  protract- 
ed, the  growth  rate  does  not  slow.  In  fact,  it 
would  appear  that  the  male  experiences  a 
spur!  in  jirowth  rate  at  sexual  maturity  (FigN.  2 
494    and  4),  much  in  the  same  way  as  the  elephant 


seal.  Mirctinvj!  lionina.  w  hich  has  a  harem  sys- 
tem oi  social  organization  (Laws,  1953)  sim- 
ilar to  that  of  the  sperm  whale  (Ohsumi,  1971). 
In  the  elephant  seal,  sexual  maturity  is  reaches 
at  twice  the  age  of  the  lemale.  A  similar  rela- 
tionship is  ali>o  indicated  in  the  sperm  whale 
(Figs.  2  and  4).  The  age  when  full  harem  mas- 
ter status  is  attained  by  the  elephant  seal  is 
approximately  3  limes  the  age  at  sexual  ma- 
turity of  the  female,  another  point  of  similarity 
with  the  sperm  whale.  The  actual  time  scales 
considered  for  the  elephant  seals,  however,  are 
only  a  quarter  of  those  for  the  sperm  whale 
(Laws,  1953). 

The  female  sperm  whale  has  attained 
47  %  of  the  physically  mature  bod\  weight  at 
sexual  maturity,  in  a  similar  comparison,  the 
male  has  attamed  22  %  at  puberty,  41  %  at 
sexual  maturity,  and  63  at  harem  master 
status,  after  which  the  bull  umtinues  to  grow 
lor  several  years. 
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Fig.  3.  -  Cakuiated  wcight/iengih  relaiionship  in  tpenn 
whaks  (post-natal  periodjlv  allowiog  for  10  %  noki  Ion  during 


Metabolism 


The  metabolic  rates  of  sperm  whales  are 
calculated  by  Lockyer  (1972;  1976a).  These 
estimations  of  basal,  rc*;ting  and  active  meta- 
bolic rates  are  shown  in  Fig.  5.  The  basal  rale  is 
taken  to  be  the  minimal  metabolic  energy  ex- 
poiditure  possible  under  conditions  of  starva- 
tion existence  This  rate  is  thus  rarely  encoun- 
tered except  perhaps  during  sleep.  The  resting 
rate  is  taken  to  be  tne  normal  metabolic  energy 
output  when  the  animal  is  just  maintaining 
itself  in  a  sra(u.<s  quo.  that  is  when  only  usual 
feeding  and  movements  necessary  tor  life  are 
taking  place.  Because  of  the  definition  of  rest- 
ing rate,  this  rate  has  a  somewhat  different 
meaning  in  young  growing  animals  and  adult 
fully  grown  ones.  I  he  true  resting  rate  is  only 
observed  in  adults,  because  the  young  animals 
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FIG.  4.  -  Mean  body  we%|ii  wtih  ag«  in  sperm  whales, 
cnm-refeiCQCuig  Figs.  2  and  3« 
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Fig.  S.  -  Metabolic  rates  estimated  for  spenn  whales  Tiom 
Lockyer  (1972.  and  MS). 
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requife  an  ene^  aUowance  for  development 
The  term  status  quo  will  thus  be  referred  to  as 
"equilibrium".  The  active  rate  is  taken  to  be 
the  metaboUc  expenditure  when  the  animal  is 
making  prolonged  maximum  effort  without 
stress.  For  a  vdiale,  this  could  mean  swimming 
at  top  cruising  speed  for  an  hour  or  more.  Brief 
peak  effort  involved  such  as  when  leaping, 
may  exceed  the  active  rate  many  times  mo- 
mentarily,  but  the  animal  cannot  maintain  this 
level  of  energy  output  which  would  entail  too 
great  a  stress.  Unlike  some  land  animals,  any 
esthnate  of  metabolic  rate  for  laige  whales  is 
very  difficult  to  obtain  experimentally,  and  all 
the  estimations  in  Fig.  5  have  been  determined 
indirectly  from  physiological  data.  The  whale, 
in  daify  living,  probably  has  a  metabolic  rate 
which  varies  over  the  range  of  rates  indicated 
according  to  the  level  of  activity  engaged  in  at 
any  time.  These  levels  of  metabolic  rate  are, 
therefore,  only  a  guide  as  to  the  limits  of  the 
values  which  they  can  assume. 


Food 


3  %  of  body  weight  according  to  Sergeant's 
theory . 

In  Fis.  6  the  daily  food  intake  with 
increase  in  body  weight  is  shown  together  with 
its  calorific  equivalent  value  of  800  kcal/kg 
wet  weight  (Spector  (1956)  gives  this  calorific 
value  for  a  variety  of  whole  edible  molluscan 
tissues).  The  age  of  the  whale  at  each  body 
weight  is  also  sEcywn  on  the  top  scale  in  Fig.  6, 
so  that  the  food  consumption  can  be  eudly 
predicted  at  any  age. 

The  whale  may  need  to  feed  several 
times  a  day  to  satisfy  its  daily  food  require- 
moits. 

Berzin  (1972)  and  Husiikawa  and  Ka- 
miya  (1971)  give  dimensions  of  the  sperm 
wmde  stomach  system.  There  is  oonfunon  over 
what  the  actual  dimensicms  of  length  and  more 
especially,  width,  represent:  and  also  the  fact 
that  Berzin  classifies  the  stomach  into  3  dis- 
tinct gastric  chambers,  whilst  Hosokawa  and 
Kamiya  also  include  the  duodenal  ampulla  as 
a  fourth  Here,  the  stomach  is  classified  ac- 
cording to  Hernn  (1972).  The  width  of  the 
diamber  has  been  assumed  to  be  the  diameter 
for  the  full  state,  and  the  capacity  has  been 


Feeding  CAPAcmr  and  energy 

The  chief  food  of  the  sperm  whale  is  well 
documented  and  reviewed  (Clarke,  1956); 
Tomilin,  1946;  Berzin,  1972).  Squid  constitutes 
the  greater  part  of  the  diet  in  most  geographi- 
cal locations,  although  fish  can  also  form  a 
significant  contribution.  The  quantities  <^ 
squid  eaten  are  not  so  well  documented.  Qual- 
itative records  of  stomach  fullness  are  pub- 
lished, as  are  numbers  of  squid  in  the  stom- 
adh,  but  no  actual  weights  of  food  consumed 
are  available.  The  best  estimate  to-date  of  food 
consumed  Ls  probably  that  of  Sergeant  (1969) 
who  computes  that  (heart  weight/ body 
weight)  in  Cetacea  approximates  11  %  of 
(daily  food  consumption  weight/body 
weight).  TTie  mean  value  of  heart  weight/ body 
weight  averaged  033  %  in  sperm  whales  so 
496  that  daily  food  intake  would  constitute  about 
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FlC  6.  -  Estimates  ot'  I'eirHling  rule  and  slomach  capacity  in 
spenn  whales. 
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calculated  by  the  usual  formula  for  a  cylinder 
(cross-sectional  area  x  length).  However,  it 
seems  thai  the  width  given  by  Hosokawa  and 
Kamiya  probably  represents  the  half  circum- 
'  ference  of  the  empty  and  flattened  chamber, 
and  necessary  adjustments  have  been  made  to 
compare  their  figures  with  those  quoted  in 
Berzin.  In  Table  3  the  stomach  capacities  are 
given.  There  is  great  variability  but  in  order  to 
j  gain  some  idea  of  average  stomach  size,  a 
I  slraiglit  line  relationship  of  log,o  stomach  ca- 
pacity/logio  body  weight  was  fitted  to  the  data. 
The  lines  of  best  fit  were  calculated  by  the 
method  of  least  squares  regression  analysis 
(Simpson,  Roe  and  Lewontin,  1960).  The  re- 
sulting mean  lines  of  regression  of  logm  stom- 
ach capacities/logio  body  weight  arc  shown 
on  an  arithmetic  scale  in  Fig.  6.  together  with 
the  calculated  food  consumption  rate  of  3  % 
body  weight  per  day. 

The  total  stomach  capacity  and  calculated 
daily  food  consumption  are  comparable  up  to 
about  a  body  weight  of  IS  tonnes,  but  diverge 
increasingly  as  body  weight  becomes  heavier. 
It  seems  that  whilst  an  estimate  of  the  daily 
food  consumption  rate  of  3  %  of  body  weight  is 
reasonable  for  females  and  small  males,  a 
better  estimate  of  feeding  capacity,  especially 
for  large  males,  might  fall  between  the  limits  of 
total  stomach  capacity  and  3  %  body  weight.  In 
the  absence  of  any  firm  evidence  as  to  true 
feeding  capacity  the  intennediate  values  in 
Fig.  6  will  be  taken  to  rqpfesent  the  best 


available  estimate  of  daily  feeding  rate  in  die 
bigger  whales. 


Activity 


Diving  behaviour 
and  general  activity 

The  daily  activity  pattern  of  the  spenn 

whale  is  little-known.  Isolated  activities  such 
as  diving  and  mcidences  ol  ships  colliding  with 
sleeping  whales  are  documented,  but  there  is 
no  contmuoiis  day  -  and  ni|ht  -  kmg  watch 
on  the  time  ^>ent  on  sudi  activities  for  a  single 
whale. 

The  newborn  and  suckling  calves  are 
unlikely  to  be  very  active,  especially  because 
they  do  not  need  to  hunt  for  food.  In  the  new- 
born calf,  stability  in  swimming  is  a  problem 
because  of  improperly  unfurled  tail  flukes  and 
fins  (Berzin,  1972;  Gam  bell,  Lockyer  and 
Ross,  1973).  The  diving  ability  is  also  less  well- 
developed  at  this  time.  In  Table  4,  the  poten- 
tial diving  ability  in  terms  of  depth,  which  is 
generally  directly  correlated  with  duration,  is 
indicated  for  different  sizes  of  whales.  The  size 
classification  is  broad,  but  serves  to  show  that 
the  larger  animals  can  dive  more  deeply.  These 
dives  were  probably  all  escape  reactions  to 
being  chased,  so  that  the  actual  firequen^  dis- 


Tuble  3.    Calculated  capacities  of  spenn  »halr  siHmachs  from  slomach  dimi-nvions 


Sex 

Body 
length 
(metres) 

Calculated 
body  weight 
(tonnes) 

1 

Sttnnadi  ctpidQr  in  litres 
Compartment 

2  3 

Toul 

Reference 

? 

90 

7.0 

86.5 

75.4 

17.7 

179.9  1 

i 

11.8 

17.2 

125.7 

635.1 

73.6 

.H34  4  I 

Berzin  (1972) 

i 

15.0 

35.2 

179.2 

431.3 

123.5 

734.0  J 

i 

15.6 

412 

873.4 

873.4 

149.0 

1  m.i 

HosokAwa  and  Kamiva  (1971) 

16.0 

4S.0 

993il 

(S6Jt 

392.0 

20BM 

Benin  (1972) 
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Tabto  4,  PmvntBgf  frequency  of  divine  artivil\  In  groups  of 
ipcraiilkiikN  urdifTereDl  body  size  at  various  dcplhs 


Body  size  (metres) 

Ueplh 

(metres)  7.S-9.0       9.1-11.0  IlJ-14.0 

%  %  % 


0-  99 

12 

IS 

33 

100-  199 

12 

19 

19 

2m-  299 

13 

18 

11 

300-  39<J 

17 

16 

11 

4(X)-  499 

21 

10 

4 

5(XV  599 

17 

8 

4 

600-  699 

8 

6 

4 

700-  799 

S 

4 

800-  899 

3 

4 

900-  999 

3 

I  000-1  099 

t  100-1  199 

3 

1  J  1    1..              hi  -ainiir  (r.ii 

lihi  r  ,.(ri)urbM,SoiilllAfHct, 

Uuiuij;.  whale  mjiking  cruuci 

m  1  cbfuij>  1972 

jn<]  I97J. 

tritnitions  of  dives  with  dq>th  are  not  relevant 

to  this  observatioii  (Hi  potential  diving  ability. 
The  larger  the  animal,  the  more  able  it  is  to 
dive  deeply  if  required.  This  variation  of  div- 
ing alMlity  with  body  size  means  that  it  is  gen- 
erallv  the  small  males  and  females  who  dive 
to  shallow  and  intermediate  maximum  depths, 
and  the  large  males  who  dive  very  deeply  in 
excess  of  1 100  m  fbr  long  periods. 

Berzin  (1972)  also  discusses  the  increas- 
ed diving  ability  in  depth  and  duration  oflare- 
er  sperm  whales,  in  addition  to  Ihi^  mforma- 
tion,  he  mentions  that  deeper  and  longer  dives 
entail  a  subsequently  greater  period  of  respi- 
ratory recovery  at  the  surface,  a  fact  also  per- 
sonally observed  for  sperm  whales  divmg  off 
Durban  in  1972  and  1973  during  maning 
cruises. 


Emesgf  Budget 


The  growth,  metabolic  eneigy  expendi- 
ture and  food  consumption  are  summarized  for 


the  .sperm  whale  by  sex  and  developmental 
stage  in  Table  5.  Growth  and  developmental 
Stages  are  identifled  from  Fij^.  3  and  4,  finom 
which  the  growth  increment  since  the  previous 
year  can  be  estimated.  The  mean  body  weight 
(not  shown  in  Table  5)  during  this  year  has 
been  ised  to  estimate  metabdic  rate  nom  Fig. 
S,  and  food  consumption  from  Fig.  6. 

Growth 

The  proportion  of  muscle  and  blubber  in 
sperm  whales  averages  34  ^'  and  33  %  of  body 
weight  (Lockyer,  1976).  I  he  calorific  value  of 
mammal  non-fatty  flesh  is  1  500  kcal/kg  (Pe- 
trides  and  Swank,  1965).  The  calorific  value  of 
fat  (in  blubber)  is  9  450  kcal/kg  (Brody.  1968). 
The  year's  growth  increment  is  thus  converted 
to  growth  energy  in  Table  5.  At  physical  ma- 
turity,  developmental  growth  is  minimal  and 
effectively  negligible. 

MtTABOI.ISM 

The  metabolic  rates  for  the  .sperm  whale 
are  estimated  from  Fig.  5.  The  total  yearly 
metabolic  energy  expenditure  is  cakrulated  by 
trial  and  error,  using  certain  assumptions. 

Assimilation  etTiciency 
Calorics  of  f  ood  assimilated  % 
Calories  of  food  consumed 

is  assumed  to  be  70-80  %.  Assimilated  energy 

less  growth  energy  gives  a  theoretical  upper 
limit  on  the  metabolic  energv  expenditure 
which  comprises  a  greater  percentage  at  rest- 
ing rate  and  smaller  percentage  at  active  rate. 
These  percentages  arc  variable,  and  that  for 
active  rate  increases  with  the  growth  of  the 
whale,  the  actual  amount  being  determined 
within  the  consumed  energy  limit. 

Food  consumption 

Hie  daily  food  intake  is  determined 
from  Fig.  6  from  the  intermediate  line  shown. 
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The  calorific  value  of  the  squid  eaten  can  be 
detefmined  at  the  same  time  from  Fig.  6.  and 
thence  converted  to  an  annual  energy  intake. 

The  suckling  calf  has  been  treated  sepa- 
rately because  the  did  is  different.  The  total 
stomadl  capacity  of  the  newborn  calf  is  about 
20  litres,  according  to  Fig.  6.  This  would  mean 
tjiat  the  young  calf  could  lake  up  to  6-7  litres  of 
milk  into  the  first  stomach  chamber,  if  this 
quantity  of  milk  were  available  from  the  moth- 
er. Ber/in  (1972)  quotes  Sleptsov  (1952). 
who  says  that  the  mammary  glands  of  sperm 
whales  contain  45  litres  of  milk.  This  seems  a 
very  great  amount  relative  to  the  apparent 
needs  of  the  suckling  calf  Berzin  says  that, 
from  observations  of  lactating  female  carcas- 
ses brought  onto  the  ilensmg  platform,  strong 
pressure  applied  to  the  mammaries  causes  2-3 
litres  of  milk  to  gush  from  the  nipples.  This 
seems  a  more  likely  amount. 

Bcrzm  (1972)  tabulated  the  chemical 
composition  of  sperm  whale  milk,  published 
bv  various  authors.  Excluding  two  greatly  dif- 
ferent records  from  a  total  list  of  10  references, 
the  average  composition  was  36.21  %  fat, 
54.91  %  water  and  7.40  %  dry  residue.  The  cal- 
orific  values  of  fat  and  protein  are  9  450 
kcal/kg  and  5  650  kcal/kg  respectively  (Brody, 
1968).  The  total  caloril'ic  value  of  sperm  whale 
milk  is  thus  calculated  to  be  3  840  kcal/kg. 
This  is  comparable  to  the  calorific  values  of 
other  whale  milks,  3  657-4  305  kcal/kg  for  ba- 
laenopterid  whales  and  3  7(X)  kcal/kg  for  the 
toothed  beluga  (Tomilin,  1946).  The  quantity 
of  milk  consumed  by  the  calf  can  therefore  be 
converted  to  a  calorific  value. 

Growth  i.Ft  iciencies 

The  gross  and  net  growth  eflkiencies 
shown  in  Table  S  all  show  a  marked  fall  oflT 
with  age  and  development.  The  amount  of 
energy  used  to  maintain  the  animal  increases 
greatly  relative  to  the  diminishing  proportion 
used  for  growth.  By  aduldiood,  nearly  all  the 
energy  consumed  by  the  animal  is  directed  to 
keeping  it  alive  and  Amctioning.  Growth  is 
negligible. 


The  net  growth  efficiency  of  about  21  % 

for  sperm  calves  is  similar  to  the  high  efficien- 
cies found  for  other  young  suckling  whales,  for 
example,  38  %  in  blue  whales  and  28  %  in  fin 
whales  (Lockycr.  1972,  1976a).  Lockyer  finds 
that  the  net  growth  efficiencies  for  pubertal 
blue  and  fin  whales  are  about  5-7  ^.  In  sperm 
whales  (Table  5),  the  efiiciency  fails  lo  about 
4-6  %  at  puberty. 

Lockyer  finds  that  the  ratio  of  energy  of 
growth  to  energy  of  metabolism  in  blue  and  fin 
whales  is  about  1 :2. 1  for  suckling  calves  ( 1 :3.9 
in  sperm  calves.  Table  5)  and  1:16.4  for  pu- 
bertal blue  and  fin  whales  (1:15.4  for  sperm 
males,  1:21.3  for  sperm  females.  Table  5). 
Beyond  puberty,  comparisons  between  sperms 
and  rorquals  are  difficult,  because  of  their 
different  patterns  of  growth. 

ENbRCiV  Uh  PREGNANCY  AND  l^C  tA  HON 

The  extra  energy  required  for  WA-Wh. 
months  of  cestation  is  unlikelv  to  be  excessive, 
particularly  in  the  early  stages.  The  etlccls  of 
pregnancy  are  not  likely  to  make  significant 
energy  demands  upon  the  mother  until  about 
the  sbcth  month,  bv  which  time  the  energy  of 
growth  will  have  cost  the  mother  about 
6.00  X  10*  kcal  (assuming  that  most  energy  is 
directed  into  making  muscle  tissue  at  I  500 
kgcal/kg).  The  extra  energy  required  for 
growth  by  the  foetus  then  increases  exponen- 
tially. At  birth,  the  foetus  will  have  cost  the 
mother  at  least  1.58  x  10' kcal  since  conception 
for  tissue-building  akme.  and  probably  an- 
other 3.00  X  10'  kcal  for  the  raetaboUc  expend- 
iture of  the  foetus,  totalling  about  4.58  x  10* 
kcal  throughout  the  pregnancy,  nearly  all  of 
which  is  incurred  in  the  last  9-10  months  of 
gestation.  In  the  newly  mature  female  (Table 
5)  whose  yearly  basic  expenditure  is  4.43  x  10' 
kcal,  the  added  cost  of  pregnancy  brings  the 
yearly  expenditure  to  4.89  x  10'  kcal.  In  order 
to  maintain  her  own  equilibrium  with  an  as- 
similation efficiency  of  about  80%  (Table  5), 
the  whale  needs  to  increase  her  daily  food 
consumption  by  about  10  %,  thus  mcreasing  499 


Copyrighted  material 


C  LOCKYER 


TlUe  5.    Summarv  of  encnr\  budget  in  sperm  whales 


Sex 

«  or  ? 

% 

i 

6 

i 

i 

Slage  of  devctopmcnt 

1st  year 
niduiiix 

puberty/ 
sexual 
mainri^ 

puberty 

n^^ty 

sodal 
natality  = 
harem 
status 

physical 
maiuiity 

physical 
matority 

Body  lengib  (m)  (Fig.  3) 

6M 

8.70 

9.65 

12.00 

13.65 

10.90 

15.85 

Body  weight  <t)(Rg.  4) 

ZOO 

6JS 

9.40 

18.00 

27.40 

13J0 

43.60 

t_ 

Growth  increment  since  pttvion 
year  (kg)  (Fig  4) 

1 

1  100' 

550 

1  000 

1  000 

I  400 

minimal 

minimal 

Muscle  (  Wk  body 
Calories  weight)  ui  1  500 
of  kcal/kg 
yeady 

growth    Blubber  (33%  body 
(kcal)     weight)  at  9  450 
kcd/kg 

0.56  X  W 

0J8X10* 

0.51X10* 

0.51  XlO» 

0.71x10* 

no  data 

no  data 

3.43X10* 

1.71X10^ 

3.12  XlO* 

3.12  X 10* 

4J7X10* 

no  data 

no  data 

Metabolic  rate  Resliog 
Qccal/day) 

(Fig.  S)  Active 

2.10X10* 

1.70X10* 

5.70X10* 
450X10* 

7J0X10* 

6.00x10* 

I.28X  10* 
Ij04x10* 

1.73X10* 
U7X10* 

1.02x10* 
8.20x10) 

2.52xl0> 
2.02x10* 

Yeaity  metabolic  eneny 
expenditure  (kcal)  witndetiub 
of  the  assumed  f  possible 
active  rate  at  70-80^ 
aiisimilalion  efficiency^ 

I.S8X  10* 

15%  active 

4.23X10* 

151  active 

5.61X10' 

15%  active 

11.33X10' 

20%  active 

17.23  XlO* 

25%  active 

8.97X  10? 

20%  active 

31.79x10' 

35%  active 

Approximate  total  etieigy 
uliTizatioQ  in  a  year 
(kcal) 

1.98X10' 

4^X10' 

5.97X  10' 

llXi9XlO' 

I7.74X  10* 

>8.97x  10' 
allowing 
forgfowlh 

>31.79x  10^ 
allowing 
for  grown 

Mean  food  inlake/day 
throughout  previous  year 
(kg)  (Fig.  6)1 

190 

270 

sss 

870 

420 

1505 

Yearly  food  intake  over 
365  days  (kg) 

7300 

69350 

98550 

202  575 

317550 

153  JOO 

549325 

Calories  of  yearly  food  intake 
at  800  kcal/kg  (kcal)  (Fig.  6)> 

ISOXlO'' 

5.55  xlO* 

7.88X10' 

16.21x10^ 

25.40  xlO^ 

I2.26X  10' 

43.95x10' 

Gross  growth  efTicieMy  %, 

Calories  of  mow ih 

 — — —  X  100 

Calories  of  food 

intake 

14.3 

3.8 

46 

2.2 

2.0 

iMobably 
<  l« 

probably 
<  1% 

Net  gri  IV.  th  cfTicieniy  % 

Calonei  of  trowih 
 X  100 

Calories  of  fix)d 

assimilated 

(assumed  assimilation 

206 
(71) 

45 
(80) 

6.1 
(76) 

3.1 
(72) 

2.8 
(70) 

00  data 

(73) 

no  data 

(72) 

Ratio  of  energy  of  growth 
to  eoeigy  of  metabolism 
(measure  ofprodtictioii) 

1:3.9 

1:21J 

1:15^ 

i:30J 

1:33.9 

approaching 
l:oo 
with  age 

approaching 
l:oo 
with  age 

'  Averagebjrih««ijshia>mtnningdauiorUunbcU|l972)udBcsi(l96g)is900kt. 
^  TteaMiar4uiyaai*i9ikaatlniQTOaBem«|)r.wdiMillwt^ 

crux     .  *5<?"!^ 
I    jW  'MiliMikelqreiird(inaiiM4byiijdiiidciior,iirfa|ipiDii^^ 
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the  daily  intake  to  about  210  kg.  In  the  fully 
adult  female,  total  annual  expenditure  would 
need  to  reach  9.43tx  10^  kcal,  in  order  to 
maintain  equilibrium,  but  diis  represents  only 
a  5  r  increase  in  food  consumption  to  cover 
the  demands  of  pregnancy.  The  whale  would 
thus  need  to  eat  about  440  kg  daily,  or  an  extra 
20  kg,  the  same  as  the  newly  mature  female. 
The  enogy  cost  of  pregnancy  is  thus  relatively 
small. 

The  energy  cost  of  lactation  at  a  pro- 
duction rate  of  about  20  kg  milk  daUy,  is 
7.68  X  10*  kcal/dav.  Over  a  year  this  amount  is 
2.80  X  10'  kcal  (see  Table  5  for  the  calf).  In 
order  to  maintain  equilibrium,  the  newly 
mature  female  will  need  to  increase  her  food 
intake  by  about  63  .  the  fully  aduh  female  by 
about  32  %.  In  terms  of  extra  food  this  repre- 
sents about  120  kg  and  134  kg  daily  for  the 
newly  and  fully  mature  whales,  respectively. 
Lactation  is.  therefore,  a  considerable  drain  on 
the  energy  resources  of  the  female.  In  order  to 
aocnmuuite  sufficient  food,  die  first  stomach 
would  need  to  be  filled  about  4-5  times  daily. 
This  calculation  indicates  that  nursing  and 
pre^ant  females  would  have  different  feeding 
habits  from  bachelor  schools.  This,  and  the 
fact  that  the  presence  of  calves  with  their 
mothers  would  cause  further  behavioural 
differences,  may  account,  at  least  in  part,  for 
the  observed  segregation  (Ohsumi,  1971) 
these  two  groups  of  sperm  whales. 


1.     Gestation  of  the  spenn  whale  foetus  has 

been  estimated  to  take  between  1414  and 
I6V2  months.  The  birth  length  and 
weight  average  405  cm  and  1  054  kg.  The 
growth  parameters  in  the  formula 

W'»-aw(t-t^ 

defined  by  Huggctt  and  Widdas  (1951), 
are  as  follows: 


av,  =  0.25  g/day  and  to  =  42  days. 

(W  =  body  weight  in  g;  t  =  time  in 

days.) 

2.  The  mean  sizes  at  sexual  and  physical 
maturities  in  the  female  are  8.70  and 
10.90  m  respectively,  and  the  corre- 
sponding body  weights  are  635  and  13.50 
tonnes.  The  average  ages  at  sexual  and 
physical  maturities  are  9  years  and  at 
least  about  30  years. 

4.  The  mean  sizes  and  ages  at  puberty, 
sexual,  social  and  physical  maturities 
(as  defmed  by  Best,  1974)  in  the  male  are 
as  follows: 

(i)  puberty  -  9.65  m,  9.40  tonnes,  9V4  years; 

(ii)  sexual  maturity  -  12.00  m,  18.00  tonnes, 

19  years; 

(iii)  social  maturity  -  13.65  m,  27.40  tonnes, 

26  years; 

(iv)  physical  maturity  -  15.85  m,  43.60  ton- 

nes, ca.  45  years. 

5.  The  body  weight  (W)/length  (L)  rela- 
tionship, allowing  fen*  fluid  losses  in 

ncnsing,  in  w,„  =  0.006648  L,„  ;'".  for 
sperm  whales  in  the  North  F^icitlc;  the 
formula  for  3  sperm  whales  taken  off 
South  Africa  and  weighed  whole  is 
w  ,  =  0.0029  L,„,'".  Use  of  the  latter 
formula  could  mean  that  a  15/)-ni  bull 
would  wei^h  53  tonnes.  The  former  re- 
hitionship  is  preferred,  however,  because 
of  the  laiger  sample  size  (Lockyer,  1976). 

6.  The  metabolic  rates  for  sperm  whales  of 
sizes  between  10  and  50  tonnes,  range  as 
follows: 

(i)  basal  (6.4x10*  -  2.2x10^  kcal/day; 

(ii)  resting  (7.8x10*  -  2.7x10^  kcal/day; 

(ill)  active  (6.4x10*  -  22.xl0")  kcal/day.  501 


These  rates  have  a  linear  logarithmic  le- 
ladonship  with  body  weight 

The  main  food  of  sperm  whales  is  estab- 

lishcd  as  a  molluscan  (chiefly  squid) 
diet  ot"  calorific  value  80()  kcal/kg.  The 
food  consumption  rate  averages  about 
3  %  body  weight  in  animals  up  to  IS 
tonnes.  In  larger  whales  the  daily  food 
consumption  rate  increases  and  ap- 
proaches 3.5  %  body  weight  in  the 
40-50  tonne  bulls.  These  conclusions  are 
arrived  at  chiefly  from  an  analysis  of 
stomach  capacities.  If  seems  thai  from 
the  size  of  the  first  stomach  compartment 
at  least  3  daily  fillings  must  occur  for 
satiation. 

It  is  concluded  from  observations  on 
diving  abiUty  in  various  sizes  of  sperm 
whales  (hat  increased  potential  activity 
in  terms  ofdepih  and  duration  achieved 
occurs  with  growth  and  development. 
The  kii^e  bulls  are  able  to  dive  more 
deeply  and  for  longer  than  the  females 
and  small  males.  From  the  extra  respi- 
ratory recovery  period  required  after 
long  deep  dives,  it  would  seem  that  such 
dives  are  more  strenuous  than  shallow 
ones. 

The  energy  budget  is  calculated  for  the 
sperm  whale  at  different  stages  of  deve- 
lopment. Briefly,  the  main  findings  are 
as  follows: 


Growth  efficiencies 

gross'  net' 

calf  (a  or  ?  )             14.3  %  20.6  % 

sexual  maturity    $      3.8  %  4.5  % 


Calorics  of  growth 
Calorics  of  food  consumed 

t  .il.'ric  .  Ill'  j;ri>vv  th 

Calorics  of  food  asaiinilaied 


puberty  s      4.6%  6.1% 

sexual  maturity  $  12%  3.1% 
social  maturity     ^      2.0%  2.8% 


Relative  production  (Calories  of 
growth:  Calories  of  metabolism) 


calf(<5  or  ?  )  1:3.9 

sexual  maturity  1 :2 1 .3 

puberty  1:15.4 

sexual  maturilv  1:30.5 

social  maiuniy  1:33.9 


Growth  efficiency  decreases  as  the  whale  de- 
velops. Also  the  proportion  of  consumed 
energy  becomes  mainfy  directed  into  main- 
taining "equilibrium'"  rather  than  into  new 
growth  as  the  whale  matures. 

10.  The  extra  energy  required  for  pregnancy 

becomes  significant  from  about  the  sixth 
month  onward.  During  the  year  preced- 
ing birth,  the  newly  mature  female 
wcHild  need  to  increase  Ikt  food  intake 
by  10  %  and  the  fully  adult  female  by 
5%. 

11.  Lactation  involves  the  calculated  pro» 
duction  of  about  20  kg  of  milk  daily  to 
satisfy  the  call.  This  demand  would  re- 
quire the  newly  mature  female  to 
increase  her  food  intake  by  63  %  and  the 
fully  adult  female  by  32  %.  The  calorific 
value  of  sperm  whale  milk  is  estimated 
to  be  3  840  kcal/kg. 

12.  The  nursinn  females  would  need  to  fill 
the  first  stomach  4-5  times  daily  in  order 
to  gain  sufRcient  nourishment  This  ne- 
cessity, coupled  with  the  prescnci.-  (if  the 
calf,  mav  perhaps  he  a  coniributmg  fac- 
tor in  the  -sexual  segregation  of  sperm 
whales,  and  the  difference  in  diving  be- 
haviour between  the  sexes. 
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Man,  from  his  earliest  times,  was  probably  fa- 
miiiar  with  some  of  his  aquatic  rdatives  —  the 

cetaceans  (whales  and  dolphins),  the  pinnipeds 
(seals  and  sea-lions),  the  sirenians  (manatees, 
the  dugong  and  the  extinct  sea-cow)  and  the 
mustelids  (otters  and  the  extinct  sea  mink}. 

At  first  he  had  lit  tie  power  to  affect  them.  Then, 
gradually,  the  range  of  hunting  vessels  was  ex- 
tended, sail  was  repkieed  by  engines,  muscle  by 
explosives,  artisana!  prewrving  methods  hv 
freezing,  extraction  and  reduction,  and  this  led 
to  a  drastic  fall  in  the  numbers  and  range  of 
many  of  the  150  swytving  tpeda  of  marine 
mammals  Fortunately,  these  events  have  been 
accompanied  by  a  growing  consciousness  that 
the  living  resources  on  which  expanding  human 
papulations  rely  for  food,  shdter  and  anenities 
are  ultimately  finite. 

In  the  I9Ws,  interest  in  the  marine  mammals 
begat  to  spread  beyond  the  groups  tradltiMalty 

concerned  with  them.  This  cmcryenl  cons/inns- 
ness  coincided  with  the  growth  of  the  view  that 
the  common  propert  y  resources  of  the  ocean 
should  be  managed  with  an  eye  to  the fiiture,  and 
that  all  was  not  well  with  existing  arrangements. 
It  was  in  response  to  expressions  of  widespread 
public  concern  that  the  Food  and  Agriculture 
Organization  of  the  United  Nations  decided  to 
make  an  independent  review  of  the  status  of 
whales,  dolphins,  seals  and  other  marine  mam- 
mals, through  its  Advisory  Qmunittee  on  Ma- 
rine Resources  Research.  .4s  a  result,  a  Scientif- 
ic Consultation  on  the  Conservation  and  Man- 
agement of  Marine  Mammals  was  held  in  Ber- 
gett,  Noryoay,  bt  Aug^  and  Sqnend)»  1976. 

This  volume  is  the  third  in  a  series  that  will 
r^nvduee  the  ^owei&igs,  and  the  principal 
scientific  papers,  of  the  Consultation. 
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